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1 2 0 .
PART I .  -  INTRODUCTION.
1*1 H is t o r i c a l .
One o f  th e  e a r l i e s t  u se s  o f  th e  word "C ell" in  
c o n n e c tio n  w ith  b io l o g i c a l  m a te r ia ls  i s  to  be found in  
th e  d e s c r ip t io n  o f th e  m ic r o sc o p ic a l exam in ation  o f  a 
p ie c e  o f  cork  p u b lish ed  by Robert Hooke in  1665 . In 
th e  y e a rs  th a t  fo llo w e d , many w orkers r ep e a te d  t h i s  o b se r ­
v a t io n  on a v a r ie ty  o f  p la n t  t i s s u e s ; among them Grew 
and M alp igh i ob served  w ith in  th e ir  s e c t i o n s ,  sm a ll c a v i t i e s  
which they  c a l l e d  u t r i c l e s  or v e s i c l e s .  M irbel In  1808 
con clu ded  th a t  p la n ts  were composed o f  a "Membranous 
c e l lu l a r  t i s s u e ,"  and Lamarck th a t no body cou ld  have l i f e  
i f  i t s  p a r ts  were n o t c e l l u l a r  t i s s u e ,  or were n o t formed 
by c e l lu l a r  t i s s u e .  I t  was n o t however u n t i l  a f t e r  the  
improved d e s ig n  o f  the compound m icroscope by Am ici in  
1827 th a t  a more or l e s s  com plete c e l l  theory  was put 
forw ard by S c h lie d e n  in  1838 fo r  p la n t s ,  and by Schwann 
in  the fo l lo w in g  y ea r  f o r  a n im a ls . The th eory  as s ta te d  
by Schwann i s  as f o l l o w s : -  "The c e l l s  are  organ ism s, and 
anim als as w e ll  a s  p la n ts  are  a g g r eg a te s  o f  th e se  organ­
ism s, arranged in  accordance w ith  d e f i n i t e  la w s .” I t  i s  
p e r t in e n t  to  r e c a l l  th e s e  words a f t e r  more than a c e n tu r y , 
and to  o b serve  how c lo s e l y  they conform  to  our p r e se n t  day 
v iew s on the s u b je c t .
U n t il  th e  b e g in n in g  o f the 19 th  cen tu ry  o n ly  th e  
e x is te n c e  o f th e  c e l l  was r e c o g n ise d  and n o th in g  was 
known as to  w hat, i f  a n y th in g , i t  m ight c o n ta in -  The 
d isc o v e r y  th e r e fo r e  by Brown i n  1831 , o f  the c o n s ta n t  
p resen ce  w ith in  th e  c e l l  o f  what we now c a l l  the n u c leu s  
r ep re sen ted  a c o n s id e r a b le  s t e p  forw ard- Rapid p ro g ress  
was made in  the r e se a r c h e s  on the n u cleu s b r in g in g  to  
l i g h t  th e  v a r io u s  phenomena a s s o c ia te d  w ith  c e l l  d i v i s i o n ,  
and the s tr u c tu r e s  which i t  c o n ta in e d .
S tu d ie s  on the cytop lasm  (th e  su b sta n ce  surround­
in g  the n u c leu s  and bounded by th e  c e l l  membrane) made l e s s  
rap id  p r o g r e s s , and i t  was n ot u n t i l  S ch u lta e  in  1861  r e ­
marked on th e  p a r t ic u la t e  m atter  w ith in  th e  cytop lasm  th a t  
any advance was made- The d e la y  In  r e c o g n is in g  th o se  
p a r t i c l e s  may in  p a rt be a t t r ib u te d  to  th e  f a c t  th a t  the  
f i x a t i v e s ,  w hich proved so  s u ita b le  fo r  s tu d ie s  o f the  
n u c le u s , brought about c o a g u la t io n  o f  the cy to p la sm ic  con ­
t e n t s  so  as to  obscure th e  p a r t ic u la t e  m atter  w hich was 
p r e se n t . . In view  o f  t h i s ,  the developm ent by Altmann 
(1894) o f  the bichrom ate f i x a t i v e  w hich p reserv ed  the  
cy top lasm  and made p o s s ib le  i t s  exam in ation  must be r e ­
garded as o f  c o n s id e r a b le  im p ortan ce. By th is  means la r g e  
rod-shaped  p a r t i c l e s ,  which we now know as m itoch o n d r ia , 
were ob served  a s a co n sta n t c o n s t i tu e n t  o f  th e  cy to p la sm , 
as was th e  r e t i c u la r  apparatus ----  the G olg i Body.
F urtherm ore, dark f i e l d  I l lu m in a t io n  made v i s i b l e  numerous 
M g h ly  r e fr in g e n t  b o d ies  o f  much sm a lle r  d im ension s which 
appear t o  corresp on d  to  what has s in c e  been c a l l e d  the  
ground su b sta n ce  o f  th e  c e l l  or th e  m icrosom es. A com- 
biJSation o f  ch em ica l and h is to c h e m ic a l methods made I t  
c le a r  th a t  m itoch on d ria  were d i s t i n c t  from se c r e to r y  
g ra n u les and g ly co g en  p a r t i c l e s ,  th a t  they  were com parative  
l y  l i t t l e  a f f e c t e d  by l i p i d  s o lv e n t s ,  but t h a t ,  in  common 
w ith  th e  ground su b s ta n c e , th ey  e x h ib ite d  a marked a f f i n i t y  
f o r  b a s ic  dyes (B erg , 1934)- S e v e r a l p r o te in  r ea g e n ts  
gave p o s i t i v e  r e a c t io n s  w ith  both  su b s ta n c e s , but a p p lic a ­
t io n  o f  th e  F eu lgen  s t a in in g  tech n iq u e  (F eu lgen  and R ossen-  
b e c k , 1924) in d ic a te d  th a t no d e o x y r ib o n u c le ic  a c id  (DNA) 
was p r e s e n t .
Though o f  very  c o n s id e r a b le  v a lu e , th e  methods o f  
th e  h i s t o l o g i s t  are somewhat l im ite d  in  a p p l ic a t io n ,  in  
t h a t  th e y  are  n o t r e a d ily  adapted to  q u a n t ita t iv e  m easure­
ments . Even from  th e q u a l i t a t iv e  p o in t  o f view  they are  
open to  c o n s id e r a b le  c r i t i c i s m ,  on the grounds th a t  the  
f r e q u e n t ly  d r a s t ic  p rep aratory  treatm en t to w hich th e  
t i s s u e s  are su b je c te d  may b rin g  a b o u t, w ith in  th e  c e l l ,  
m u lt ip le  changes which may or may n o t be r e c o g n is e d . I t  
would th e r e fo r e  be o f  very g r e a t  i n t e r e s t ,  i f  the in t e r n a l  
environm ent o f  the c e l l  cou ld  be s tu d ie d  by some o th er
means w hich would en ab le  our p r e se n t  c o n c ep tio n s  to  be 
v e r i f i e d ,  and make p o s s ib le  a more thorough and d e t a i le d  
exam in ation  o f  the n atu re o f  th e  c e l l u l a r  c o n te n ts  and 
o f  th e  p r o c e ss e s  c a r r ie d  ou t th ere in *
1 .2  C e l l  F r a c t io n a t io n .
M iescher (1897) perhaps p o in ted  the way to  one 
approach when he s tu d ie d  the ch em istry  o f  i s o l a t e d  c e l l  
n u c le i .  H is tech n iq u e has s in c e  been v a s t ly  im proved, 
and numerous workers have a p p lie d  i t  to  a stu d y  o f the  
su b sta n ces  p r e se n t  w ith in  the n u c le u s , and o f  i t s  m eta­
b o l ic  p r o c e sse s  (bounce, 1 9 5 0 ). The I s o la t io n  o f c y to ­
p lasm ic  c o n s t i tu e n t s  proved a more d i f f i c u l t  t a s k , one o f  
th e  f i r s t  a ttem p ts b e in g  th a t  o f Warburg (1913) who showed 
th a t  the c a p a c ity  o f  gu in ea  p ig  l i v e r  to  r e s p ir e ,  was 
la r g e ly  a s s o c ia t e d  w ith  th e  la r g e  gran u les sed im ented  by 
low sp eed  c e n tr i fu g a t io n .  He a ls o  su g g e s te d  th a t  th e se  
g ra n u les  m ight be id e n t i c a l  w ith  th o se  ob served  by m icro­
sc o p ic  exam in ation - I t  was n o t  however u n t i l  some y e a rs  
l a t e r  th a t  B en se ly  and Hoerr (1934) su cceed ed  i n  I s o la t in g  
m itoch on d ria  by d i f f e r e n t i a l  c e n tr i f u g a t io n .  Such s tu d ie s  
were tak en  up by o th er  w orkers, and Claude (1 9 4 0 ) , by a 
com b ination  o f lo n g  and sh o r t  runs a t  a c e n tr i f u g a l  fo r c e  
o f  18000 g> su cceed ed  in  se p a r a t in g  p a r t i c l e s  v a r y in g  in  
diam ter from  50rnju. to  200m^i. from hom ogenates in
i s o t o n ic  s a l in e  o f normal and. tumour t i s s u e .  Claude found  
th a t  th e se  g ran u les were ch em ica lly  s im ila r  ir r e s p e c t iv e  o f  
th e  t i s s u e  from  which th ey  were d e r iv e d , and supposed them 
to  he m itoch on d ria . In  the fo l lo w in g  year  Claude (1941) 
showed th a t  th e se  p a r t i c l e s  tended to  a g g lu t in a te  in  i s o ­
t o n ic  s a l i n e ,  and advocated  the use  o f  d i lu t e  phosphate  
b u f fe r  a t  pH 7 .1  or " a lk a lin e  w ater ” (0.0002N-Na0H) as  
th e  su sp en d in g  medium. The p a r t i c l e s  o b ta in ed  by c e n t r i ­
fu g in g  t i s s u e  hom ogenates in  th e se  media were s im ila r  in  
s i z e  to  th o se  ob ta in ed  p r e v io u s ly  and th e se  he c a l le d  
m ito ch o n d r ia . The m itoch on d ria  o f B en se ly  and Hoerr 
(1934) were c o n s id e r a b ly  la r g e r  than th o se  ob ta in ed  by 
Claude (1940 , 1941) who m ain ta ined  th a t  th e s e  la r g e r  
p a r t i c l e s  were s e c r e to r y  g r a n u le s . In a la t e r  paper how­
e v er  Claude (1943a) renamed th e  sm a ller  p a r t ic l e s  "m icro-  
som es", and a g reed  th a t  the B en se ly  and Hoerr gran u les  
d id  c o n ta in  m itoch on d ria  as w e ll  as s e c r e to r y  g r a n u le s . 
F u rth er  s tu d ie s  by Claude (1944a , 1946) have confirm ed  
t h i s  v iew , a lth ou gh  he m ain ta in s th a t  l i v e r  t i s s u e  i s  n o t  
th e  m ost s u i ta b le  m a te r ia l  w ith  which to  work s in c e  i t  
c o n ta in s  a h ig h  p r o p o r tio n  o f  s e c r e to r y  g ra n u les as w e ll  
a s m ito ch o n d r ia . F u l l  d e t a i l s  are g iv en  in  th e se  two 
papers o f  th e  methods o f prep arin g  the f r a c t io n s ,  and s in c e  
t h i s  i s  th e  procedure m ost commonly used  fo r  th e  i s o l a t i o n
o f  th e  cy to p la sm ic  p a r t ic le s  from s a l in e  hom ogenates, i t  
i s  b r i e f l y  d e sc r ib ed  below .
C h il le d  r a t  l i v e r s  were fo rc ed  through a 1 mm. 
mesh masher to  remove th e  main v e s s e l s  and co n n e c tiv e  
t i s s u e .  60 g . to  80 g . o f  th e  r e s u lt in g  pu lp  were ground 
in  a m ortar f o r  5 m in u te s , and the s o lv e n t  (0 .85^  NaCl 
a d ju s te d  to  pH 9 .5  by the a d d it io n  o f  2ml. o f  O.IN-NaOH 
p er l i t r e )  was added drop by drop u n t i l  20 to  30 m l. 
were in t im a te ly  mixed w ith  the t i s s u e .  The volume was 
f i n a l l y  a d ju ste d  to  5 tim es the w eigh t o f  pulp  ta k en , and 
th e  su sp en sio n  c e n tr ifu g e d  a t  1500 g f o r  3 m in u tes. The 
sed im ent was d isca r d e d  and the p ro cess  rep ea ted  tw ic e ,  the  
r e s u l t in g  su p ern atan t b e in g  known as a l i v e r  e x tr a c t .
T h is e x tr a c t  was th en  su b m itted  to  f r a c t io n a t io n  accord in g  
to  th e  scheme I l lu s t r a t e d  in  F ig .- l .
F ig u re  1
The F r a c t io n a t io n  o f C ytop lasm ic P a r t i c l e s  in  0*85$ 
S a lin e  ( C laude, 1 9 4 6 ).
E x tr a c t
S ep a ra tio n o f  Large G ranules
25 m in. a t  2000 g
Large G ranules
C o n cen tra tio n  o f  Large Granules 
30 m in. a t  2000 g
SD1-
Supernatant 
In term ed ia te  Run 
4 m in. a t  18000 i
SD2
LGC
Washing o f  Large G ranules 
2 or  3 c y c le s  o f  25 min-
S I
l
S ep a ra tio n  o f  Microsomes 
90 m in. a t  18000 g
a t  2000 g
LGW W1,W2,W3
Me S2
Washing o f  
m icrosom es 
1 or 2 c y c le s  o f  
90 min. a t  18000 g
r
MW W1,W2.
About th e  same t im e , S ch n eid er  (1946a , b) made use  
o f  a s im ila r  te c h n iq u e , d is p e r s in g  the t i s s u e  by means of 
a g la s s  hom ogeniser as d e sc r ib ed  by P o tte r  and Elvehjem  
(1 9 3 6 ) . W hile Claude and S chn eid er b e l ie v e d  e s s e n t i a l l y  
in  th e  e x is t e n c e  of two typ es o f  g r a n u le s , la rg e  and sm a ll,  
Chantrenne (1947) m ain ta in ed  th a t  the cy to p la sm ic  gran u les  
co u ld  be se p a r a ted  in to  5 d i f f e r e n t  f r a c t io n s  depending  
upon the nature o f the su sp en d ing  medium and the c e n t r i ­
fu g a l  f i e l d s  a p p lie d .
The m itoch ondria  i s o la t e d  by the methods so fa r  
d e sc r ib e d  d i f f e r e d  m o rp h o lo g ica lly  and h is to c h e m ic a lly  
from  th o se  p r e se n t  in  th e  in t a c t  c e l l .  The i s o la t e d  
m a te r ia l c o n s is t e d  of s p h e r ic a l  p a r t ic le s  which d id  not  
s t a i n  -with Janus G reen, w h ile  th e  m itochondria  of the c e l l  
were rod -sh ap ed , and s ta in e d  r e a d ily  w ith  low c o n c en tr a tio n s  
o f  Janus Green. M oreover, the i s o l a t io n  procedure was com­
p l ic a t e d  by th e  tendency o f  th e  m itochondria  to  a g g lu t in a te  
In i s o t o n ic  s a l in e  and to  be d isru p ted  in  w ater . These 
d i f f i c u l t i e s  le d  to  the developm ent o f  a new tech n iq u e  by 
Hogeboom, S ch n eid er  and P a lla d e  (1947 , 1948} in  w hich the  
t i s s u e  was hom ogenised in  0*88M -sucrose, in  p la c e  o f the  
s a l in e  or a lk a l in e  w ater , and the homogenate su b seq u en tly  
su b m itted  to  d i f f e r e n t i a l  c e n tr i fu g a t io n . With such  a 
medium, o f c o u r se , the c e n tr ifu g a l  f i e l d s  em ployed had to
be much g r e a te r ,  owing to  the in c r e a se d  d e n s ity  and v i s ­
c o s i t y  o f th e  stron g  su cr o se  s o lu t io n .  Homogenates p r e ­
pared in  t h i s  way co n ta in ed  an abundance o f  rod-shaped  
e lem en ts about 3 0 0 ny*. to  5 0 0 ny*. in  d iam eter  and from  
1 .0  to  5 .0 yU. in  le n g th  w hich s ta in e d  r e a d ily  w ith  very low  
c o n c e n tr a tio n s  o f Janus Green. There was no atta in ing o f  
th e se  p a r t i c l e s  w ith  n e u tr a l red  which i s  r e c o g n ise d  as a 
s t a i n  fo r  se c r e to r y  g r a n u le s . The m itochondria  i s o l a t e d  
from  such homogenates s ta in e d  r e a d i ly  w ith  Janus Green 
and were f r e e  from  n e u tr a l red  s ta in in g  m a tter . The 
s e c r e to r y  g ra n u les  m igrated  c e n t r ip e t a l ly  during c e n t r i ­
fu g a t io n  and t h i s  has been confirm ed by P a lla d e  and Claude 
(1 9 4 9 ) . The com plete method o f  se p a r a tio n  i s  d e sc r ib ed  
b r i e f l y  below :-
Rat l i v e r  t i s s u e  was fo rced  through  a 1 mm. mesh 
sc r e e n , and th e  r e s u l t in g  pulp p la c ed  on i c e .  5 g . o f  
th e  pulp were then  hom ogenised in  the apparatus o f  P o tte r  
and E lvehjem  (1936) w ith  50 m l. o f  0 . 88M -sucrose, and 
f r a c t io n a te d  a cco rd in g  to  th e  scheme shown in  F i g .2 .
F igu re  2 .
The F r a c t io n a t io n  o f  C ytoplasm ic P a r t ic le s  in  0 .8 8  




10 m l. la y e r e d  over  1 m l. o f  
in  a 15 m l. c e n tr ifu g e  tu b e . 
S ep a ra tio n  o f  n u c le i  and c e l l  d e b r is .  




c y c le s  o f 10 min. a t  600 g
N u cle i




(To n u c le a r  
f r a c t io n )
M itochondria
R esuspended in  35 t o  40 m l. 
o f 0.88M su cr o se  and 
resed im en ted
Supernatant 2 
20 min. a t  24000 g
Supernatant 3 
Washings from m ito ­
chondria  added and the  
whole c e n tr ifu g e d  f o r  
2 h r . a t  41000 g
M itochondria (MW) WM
Microsomes 
Resuspended in  0-88M 
su c r o se  and resed im en ted
-----------------
Supernatant 4
Two major d i f f i c u l t i e s  a r is e  from th e tech n iq u e o f  
Hogeboom e t  a l .  (1 9 4 8 ) , th e  f i r s t  b e in g  th e  ex trem ely  h ig h  
c e n tr i f u g a l  fo r c e  req u ired  to  sed im ent both  m itoch ondria  
and m icrosom es, and the second b e in g  in h ib i t io n  by th e  
h ig h  c o n c e n tr a tio n  o f  su c r o s e , o f some o f  th e  enzyme 
system s in  th e  f r a c t io n s  w hich i t  i s  d e s ir e d  to  stu dy  
(L ehninger and Kennedy, 1948; S ch n eid er , 1 9 4 8 ). Hogeboom 
e t  a l .  (1948) however showed th a t  m itochondria  co u ld  be 
i s o l a t e d  in  i s o to n ic  (0.25M -) su cro se  s o lu t io n ;  th e se  were 
n o t m o rp h o lo g ica lly  id e n t i c a l  w ith  th ose i s o la t e d  a t  the  
h ig h e r  c o n c e n tr a t io n , nor d id  they  s t a in  w ith  Janus Green, 
bu t th ey  showed no tendency to  a g g lu t in a te  or to  be con­
tam in ated  w ith  m icrosom es. At the same tim e th e se  
p a r t i c l e s  resem bled th o se  ob ta in ed  from s a l in e  hom ogenates, 
a t  l e a s t  in  so fa r  as the a c t i v i t i e s  o f th e  va r io u s enzyme 
system s were concerned (S ch n eid er  and Hogeboom, 19 5 0 a ), 
and S ch n eid er  (1948) has su g g e s te d  th a t the u se  o f  0.25M- 
su cro se  i s  to  be p r e fe r r e d , a t  l e a s t  fo r  enzyme s t u d ie s .
The procedure adopted by S ch n eid er  w ith  0.25M- 
su crose  was s im ila r  to  th a t  o f Hogeboom e t  a l .  (1948) in  
r e sp e c t  o f the h om ogen isa tion , and th e  a c tu a l f r a c t io n a t io n  
scheme i s  i l l u s t r a t e d  in  F ig .3 .
F igu re  5 .
The F r a c t io n a t io n  o f  C ytoplasm ic P a r t ic le s  in  0*25M -Sucrose.
(S ch n eid er  1948)
Homogenate 
10 m l. p o r t io n s  
10 min. a t  600 g
r
N u cle i
Washed tw ice  w ith  2 .5  m l. o f  0.25M- 
s u c r o s e , hom ogenising each tim e .
Nw Supernatant 1 
Washings from n u c le i  added 
10 m in. a t  8500 g
Sedim ent
Washed tw ice  w ith  2 .5  m l. o f  
0 .25M -su crose
MW Supernatant 2 
W ashings from m itoch ondria  
added 
1 h r . a t  18000 g
Sedim ent
Washed once w ith  2 .5  m l. o f  
0 .25M -sucrose
PW Supernatant 3 
Washings from  m icrosom es 
added
V arious m o d if ic a t io n s  have been su g g e s te d  fo r  th e  
i s o l a t i o n  o f  the cy to p la sm ic  p a r t i c l e s  from su c r o se .
Thus Kennedy and L ehninger (1949) added p otassiu m  c h lo r id e  
t o  the e x tr a c t  a f t e r  th e  rem oval o f  n u c le i  and c e l l  d e b r is ,  
in  ord er  to  a g g lu t in a te  th e  m itoch on d ria  and render them 
more e a s i ly  sed im ented  a t  low c e n tr i f u g a l  f i e l d s ,  but t h i s  
procedure has met w ith  d isa p p ro v a l on the grounds th a t the 
s a l t  may ten d  to  a g g lu t in a te  the m icrosom es as w e l l .  
Cunningham, G r if f in  and Luck (1950) f r a c t io n a te d  l i v e r  
t i s s u e  in  a medium composed o f 0 . 88M -sucrose, 0.14M -sodium  
c h lo r id e  and 0 .01M -phosphate b u f fe r ,  but t h e ir  r e s u l t s  
su g g e s t  th a t  th e re  has been some con tam in ation  o f the  
v a r io u s  fr a c t io n s *  In a r e c e n t  p ap er, M untwyler, S e i f t e r  
and Harkness (1950) have c a r r ie d  out h i s t o l o g i c a l  exam ina­
t io n  o f th e  f r a c t io n s ,  and have concluded th a t  an i n i t i a l  
c e n tr i fu g a l  f i e l d  o f  200 g  i s  q u ite  adequate fo r  th e  r e ­
moval o f  a l l  n u c le i  and c e l l  d e b r is  from  a homogenate in
0 .2 5 M -su cro se .
S ch n eid er  and Hogeboom (1950a) have d e sc r ib e d  a 
fu r th e r  procedure fo r  the f r a c t io n a t io n  o f  cy to p la sm ic  
p a r t ic l e s  in  0.88M - and 0 .25M -sucrose s o lu t io n s ,  which  
d i f f e r s  from th e ir  e a r l i e r  methods m ain ly  in  th e  somewhat 
s tro n g er  c e n tr i fu g a l  f i e l d s  employed in  the se d im e n ta tio n , 
and p a r t ic u la r ly  in  th e  w ashing of the f r a c t io n s .
From a l l  t h i s  work th e re  emerge th r ee  main ty p es  o f  
procedure f o r  the f r a c t io n a t io n  o f  the c y to p la sm ic  c o n te n ts .
1 . F r a c t io n a t io n  o f  hom ogenates in  i s o t o n ic  s a l i n e  or 
’’a lk a l in e  w a ter” (C laude, 1 9 4 6 ).
2 . F r a c t io n a t io n  o f hom ogenates in  0 .25M -sucrose  
(S ch n eid er , 1 9 4 8 ) .
3 . F r a c t io n a t io n  o f hom ogenates in  0 .88M -sucrose (Hoge­
boom e t  a l . , 1 9 4 8 ).
Each o f th e se  proced ures has much to  commend i t ,  
and th e  c h o ic e  o f the one to  be used  must depend on the  
o b je c t  o f  the p a r t ic u la r  exp erim en t. Thus f r a c t io n a t io n  
in  s a l in e  i s  em in en tly  s u i ta b le  fo r  subsequent enzyme a s s a y ,  
and th e  p a r t i c l e s  are o b ta in ed  w ith ou t the u se  of e x c e s s iv e  
c e n tr i fu g a l  f o r c e s .  On th e  other hand, the r ec o g n ise d  
tendency fo r  both m itoch on d ria  and m icrosom es to  a g g lu t in ­
a te  in  t h i s  medium make the n atu re  o f the f i n a l  product 
u n c e r ta in , and the m itochondria  ob ta in ed  are n o t  morpho­
l o g i c a l l y  id e n t i c a l  w ith  th o se  in  th e  in t a c t  c e l l .  The 
use o f  i s o t o n ic  su cro se  overcomes th e  d i f f i c u l t y  o f  
a g g lu t in a t io n , b u t in  order to  o b ta in  the same degree o f  
sed im en ta tio n  o f the m icrosom es as i s  o b ta in ed  w ith  s a l i n e ,  
h ig h er  c e n tr ifu g a l  f i e l d s  must be em ployed. The co n c en tr a ­
t io n  of su crose  used  does n o t appear t o  a f f e c t  th e  enzyme 
s t u d i e s ,  b u t  once a g a i n  t h e  m i t o c h o n d r i a  d i f f e r
m o rp h o lo g ica lly  from th o se  in  the in t a c t  c e l l .  F in a l ly  
th e  use o f  h y p erto n ic  su cro se  r a i s e s  some d i f f i c u l t i e s  
in  th e  a ssa y  o f  enzyme a c t i v i t i e s  owing to  p a r t ia l  i n ­
h i b i t i o n .  M oreover, the c e n tr i fu g a l  f i e l d s  which must 
be employed in  ord er to  sed im ent th e  m icrosom es are  so  
la r g e  a s to  ren d er  th e  tech n iq u e  im p o ss ib le  in  many 
la b o r a t o r ie s .  The m itoch on d ria  w h ich  are o b ta in ed  by 
t h i s  m ethod, how ever, resem ble th o se  in  th e  whole c e l l  
both  in  shape and d im ensions and a l s o  i n  t h e ir  c h a r a c te r ­
i s t i c  a f f i n i t y  fo r  Janus Green.
1 .3  The P h y s ic a l P r o p e r tie s  o f th e  C ytoplasm ic P a r t i c l e s .  
M itochondria :-
About 30 to  35% o f  th e  t o t a l  n itr o g e n  o f r a t  and 
mouse l i v e r  can be accou n ted  fo r  in  the form o f  m ito ­
chondria  (S ch n eid er  & Hogeboom, 1951) w h ich , as has been  
shown by Hogeboom e t  a l .  (1 9 4 8 ) , are  rod-shaped  p a r t i c l e s  
o f  3 0 0 hryu. in  d iam eter  and 1 .0  to  1- 5/A. in  le n g th  s t a i n ­
in g  r e a d ily  w ith  low c o n c e n tr a tio n s  o f Janus Green. I s o ­
la t io n  in  0 . 88M -sucrose y ie ld s  p a r t i c l e s  s im ila r  in  s i z e ,  
shape and s t a in in g  p r o p e r t ie s  (Hogeboom e t  a l . ,  1948; 
Harman, 1 9 5 0 a ), w h ile  m itoch on d ria  ob ta in ed  from i s o t o n ic  
s a l in e  or 0 .25M -sucrose hom ogenates are s p h e r ic a l  b o d ies  
o f  0 -5  to  1 . 0X1 . in  d ia m eter .
The s im i la r i t y  between th e se  p a r t i c l e s  and osm otic  
system s has been commented upon by Claude (1943b, 1944a , 
1 9 4 6 ) , who has d e sc r ib e d  the s w e l l in g  and f i n a l  b u r s t in g  
o f  th e  gran u le  when p la ced  in  d i s t i l l e d  w a te r , and th e  r e ­
le a s e  o f  sm all p a r t i c l e s  s im ila r  in  s i z e  to  the m icrosom es. 
This phenomenon, In  c o n ju n c tio n  w ith  some in c o n c lu s iv e  
e le c tr o n  m icroscope s tu d ie s  by Claude and Fullam  (1 9 4 5 ) , 
and th e  o b se r v a tio n  th a t  th e  m itoch ondria  show no ten dency  
to  c o a le s c e  on c e n tr i fu g a t io n  fo r  prolonged  p e r io d s , has 
le d  Claude (1947) to  con clu d e th a t  a con tin u ou s membrane 
surrounds the m itoch on d rion , a view  w hich i s  su pp orted  by 
D a lto n , K ah ler , K e lly , L loyd & S t r ie b ic h  (1949) and 
S ch n eid er  and Hogeboom (1 9 5 1 ). Harman (1950a) how ever, 
a f t e r  a c a r e fu l  stu d y  o f  th e  p r o c e sse s  by which the m ito ­
chondrion  in  0 .88M -su crose  s o lu t io n  changes from a rod­
shaped body to  a sphere on d i l u t i o n ,  and on the non- 
s e l e c t i v e  p e n e tr a t io n  o f  r a d io a c t iv e  sodium and p otassiu m  
has concluded  th a t th e  phenomena e x h ib ite d  are  q u ite  
com patib le w ith  a f ib r o u s  g e l  typ e  of s t r u c tu r e .
The e f f e c t  o f  pH changes upon su sp en s io n s  of th e  
m itoch on d ria  in  i s o t o n ic  s a l in e  has been  s tu d ie d  by Claude
(1 9 4 6 ) , who has observed  th a t  th e y  rem ained d is p e r se d  over  
the com p arative ly  narrow range o f  pH7 to  pH10. Between  
pH 3 . 5  and pH7 the g ra n u les  a g g lu t in a t e ,  and in  s tr o n g ly
a c id  or a lk a lin e  s o lu t io n  th ey  are  found to  d is in te g r a te *  
M icrosom es:-
R ather l e s s  i s  known o f the p h y s ic a l c h a r a c t e r i s t i c  
o f  the m icrosom es, p a r t ly  due to  the f a c t  th a t  th e y  are  n ot  
v i s i b l e  as p a r t i c l e s  u s in g  th e  l i g h t  m icro sco p e . They are  
ob ta in ed  as a p ink or amber co lo u red  j e l l y  on h ig h  speed  
c e n tr i f u g a t io n  o f t i s s u e  e x tr a c t s  a f t e r  the rem oval o f  the 
m ito ch o n d ria , and on d is p e r s io n  are  found to  range from  
100 to  200 m^. in  d iam eter  (C laude, 1 9 4 7 ) , and to  account  
fo r  about 15 to  20/£ o f  the c e l l  m ass. Some o f th e  p ro ­
p e r t ie s  o f the pigm ent a s s o c ia te d  w ith  th e  microsom es 
have been s tu d ie d  by B en sley  (1 9 4 7 ).
With regard  to  pH changes, Claude (1946) has shown 
th e  behaviou r o f th e  m icrosom es to  be s im ila r  to  th a t  o f  
th e  m ito ch o n d r ia , in  th a t  th ey  are d isp e r se d  betw een pH 7 
and pH 10 , but a g g lu t in a te  in  s l i g h t l y  a c id  s o lu t io n s  and 
d is in t e g r a t e  in  stro n g  a c id  or a l k a l i .
The r e la t io n s h ip  betw een th e  m itoch on d ria  and m icrosom es:-
There has been c o n s id er a b le  d is c u s s io n  con cern in g  
th e  in t e r r e la t io n s h ip  o f th e  m itoch on d ria  and m icrosom es 
in  view  o f C lau d e's (1944a , 1946) f in d in g  th a t  th e  m ito ­
chond ria  are d isr u p te d  in  w ater r e la s in g  sm a lle r  p a r t i c l e s  - 
I t  i s  p o s s ib le  th a t  th e  m icrosom es are a r t i f a c t s  produced  
as a r e s u l t  o f the f r a c t io n a t io n  p roced u re, but the quest:.-.,
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i s  d i f f i c u l t  to  s o lv e  s in c e  th e  m icrosom es are  to o  sm a ll to  
be v i s i b l e  in  the l i g h t  m icro sco p e . Claude (1943b) and 
Claude and Fullam  (1946) from  s tu d ie s  on c e n tr ifu g a t io n  o f  
in t a c t  c e l l s ,  and a ls o  from  e le c tr o n  m icrographs o f  l i v e r  
s e c t io n s ,  b e l ie v e  th a t  the ground su b stan ce  o f  the in t a c t  c e l l  
i s  p a r t ic u la t e  in  n a tu r e , and th a t  th e  m icrosom es as i s o la t e d  
e x h ib i t  many o f  th e  p r o p e r t ie s  o f  t h i s  m a te r ia l .  L a g e rs te d t  
(1949) however has found in  m ost o f  th e  normal l i v e r  c e l l s  
w hich he has exam ined, la r g e  p a r t i c l e s  about 6 -7  in  
le n g th  and 2-3  wide w hich he term s B a so p h ilic  C ytop lasm ic  
I n c lu s io n s  (BCI). These BCI are  composed o f  r ib o n u c le o -  
p r o te in , and accou nt f o r  m ost o f  the r ib o n u c le ic  a c id  (RNA) 
o f  the cy to p la sm . In view  o f  t h i s  f in d in g ,  he con c lu d es  
th a t  th e  m icrosom es a re  i n  f a c t  breakdown p rod u cts o f  the  
BCI r e le a s e d  by th e  f r a c t io n a t io n  p r o c e s s . The BCI are  
d i s t i n c t  from  m itoch on d ria  w hich are a l s o  found in  th e  c y t o ­
p lasm . L a g e rste d t s t a t e s  th a t  th e  BCI d isa p p ea r  on 
s ta r v a t io n  or on m a in ta in in g  the anim als on a low p r o te in  
d ie t  f o r  fo u r  t o  f i v e  d a y s , b u t i f  th e  m icrosom es are  
d e r iv e d  from th e  breakdown o f  BCI, a c o n tr a d ic t io n  a r i s e s ,  
s in c e  Muntwyler e t  a l .  (1950) have exam ined th e  m icrosom es 
o f  an im als m ain ta in ed  on a s e v e r e ly  r e s t r i c t e d  p r o te in  
d i e t ,  and f in d  th a t  a lth o u g h  th ere  i s  some d im in u tio n  in  
th e  s i z e  o f the f r a c t io n ,  i t  by no means d isa p p e a r s . I t
would th e r e fo r e  appear m ost l i k e l y  th a t  the BCI are  
a c tu a l ly  a g g r eg a te s  o f  m icrosom es produced by th e  f i x a t io n  
p r o c e s s , a lth ou gh  t h i s  does n o t e x p la in  the d isap p earan ce  
o f the BCI on s ta r v a t io n  u n le s s  some change occu rs in  the  
m icrosom es w hich h in d ers  a g g r e g a tio n .
1 .4  The Chemical C om position o f  the C ytoplasm ic F r a c t io n s .  
M itoch on d ria :-
In  the e a r l i e r  papers o f  Claude (1940 , 1941 , 1943a) 
the elem en tary  co m p o sitio n  o f the g ra n u les  has been s tu d ie d  
and Claude (1946) s t a t e s  th a t  th ey  c o n ta in  10 -12% N,
0 .9 - 1 .3 $  P, 0 .8 2 -1 .1 6 /^  S , 0 .0 2 - 0 .0 4 /  Fe and 0 - 0 2 - 0 .0 3 5 /  Cu- 
The c o n c lu s io n  was reached  th a t  the m itoch on d ria  were com­
p le x e s  o f  p h o sp h o lip id , p r o te in  and r ib o n u c le ic  a c id -  
Furtherm ore, Claude (1943b) r ep o rted  on some p r e lim in a ry  
f in d in g s  con cern in g  th e  l o c a l i s a t i o n  o f  enzymes in  the  
cy to p la sm ic  f r a c t io n s .  The n itr o g e n , phosphorus, RNA and 
l i p i d  c o n te n ts  o f th e  f r a c t io n s  o b ta in ed  by Barnum and 
Huseby (1948) from  mouse l i v e r  shown in  Table 1 are  in  
g e n e ra l agreem ent w ith  th o se  o f  o th e r  auth ors f o r  l i v e r  
t i s s u e .
P h o sp h o lip id :-
G en era lly  sp ea k in g , about 25 to  30$ o f  th e  dry  
w eigh t o f th e  m itoch on d ria  i s  composed o f  l i p i d  m a te r ia l ,  
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l i t t l e  r e se a rc h  has been c a r r ie d  out on t h i s  com ponent, 
but Ada (1949) has s tu d ie d  i t s  d i s t r ib u t io n ,  and w ith  th e  
a id  o f  i t s  m etab olism . Other workers have s tu d ie d  
i t s  d is t r ib u t io n  throughout th e  cy to p la sm ic  f r a c t io n s  
(Barnum & Huseby, 1948, 1950; S c h n e id er , 1946b ).
Enzymes
A g r e a t  d e a l o f  in t e r e s t  has cen tered  on th e  
m itoch ondria  in  view  o f  the enzyme system s which appear to  
be a s s o c ia te d  w ith  them. I n i t i a l  exp erim en ts in  t h i s  f i e l d  
however were su b je c t  to  d i f f i c u l t i e s  cau sed  by in com p lete  
se p a r a tio n  of the v a r io u s c y to p la sm ic  f r a c t i o n s ,  and a 
la r g e  amount o f th e  p u b lish ed  d a ta  i s  o f q u e s t io n a b le  va lu e  
s in c e  th e  authors have n o t taken the n e c essa ry  s t e p s  to  
p u r ify  and c h a r a c te r is e  th e  m a te r ia l which th ey  were s tu d y ­
in g . Thus some enzymes have been r ep o rted  in  th e  n u c lea r  
f r a c t io n  and in  the m ito ch o n d ria , t h i s  b e in g  due to  con­
ta m in a tio n  o f  the n u c le i  w ith  m ito ch o n d ria . M islea d in g  
c o n c lu s io n s  have s im i la r ly  been a r r iv e d  a t because o f  con ­
ta m in a tio n  of the m itoch on d ria  w ith  m icrosom es. I t  i s  
a ls o  n e c e ssa r y  to  bear in  mind the f a c t  t h a t ,  i n  the cou rse  
o f se p a r a tin g  one f r a c t io n  from an oth er , a c o - fa c to r  
n e c e ssa r y  fo r  the proper fu n c t io n in g  o f  an enzyme may be 
l o s t ,  thus red u cin g  th e  apparent a c t i v i t y  of th e  enzyme. 
F u r t h e r m o r e ,  a f r a c t i o n  m igh t  a p p e a r  t o  be v e ry  r i c h  i n
enzymic a c t i v i t y ,  but b e in g  i t s e l f  sm a ll in  bulk m ight 
on ly  accou n t fo r  a sm a ll p ro p o r tio n  o f  th e  a c t i v i t y  o f  
th e  w hole c e l l .  In  v iew  of th e se  o b s e r v a t io n s , Hogeboom 
and S ch n eid er  (1950a) have s e t  down the fo l lo w in g  c r i t e r i a  
w hich  m ust be s a t i s f i e d  b e fo re  any c o n c lu s io n s  regard in g  
th e  l o c a l i s a t i o n  o f b io c h e m ic a l p rop erty  may be reach ed .
1. The c e l l  f r a c t io n  must be c y t o l o g i c a l l y  d e f in e d  in  
term s o f  the i n t r a c e l lu la r  component w hich i t  r e p r e s e n ts .
2 . The v a l id i t y  o f the method o f  a ssa y  o f  th e  b io c h e m ic a l  
p rop erty  must be e s t a b l i s h e d .
3 .  The b io c h e m ic a l p rop erty  must be co n cen tra ted  to  a 
g r e a te r  (p r e fe r a b ly  much g r e a te r )  e x te n t  in  the c e l l  
f r a c t io n  than in  the o r ig in a l  t i s s u e .
B esid es  th e se  th r e e  p o in ts  Hogeboom & S ch n eid er  s tr o n g ly  
ad vocate  the e s ta b lish m e n t o f a b a lan ce  s h e e t  d em on stra t­
in g  th e  c o n ten t o f  each f r a c t io n ,  and o f th e  v a r io u s  
com binations o f  f r a c t io n s  compared w ith  the v a lu e s  o b ta in ed  
f o r  whole t i s s u e .
C on sid erab le  c r i t i c i s m  has been l e v e l l e d  a t  the  
procedure o f cy to p la sm ic  f r a c t io n a t io n ,  on th e  grounds 
th a t  the a r t i f a c t s  produced a s a r e s u l t  o f the ru p tu re  o f  
th e  c e l l  are s u f f i c i e n t  to in v a l id a t e  any su bseq uent p ro ­
cedure w hich m ight be a p p lie d  (B r a d f ie ld , 1950; D a n ie l l i ,  
1 9 4 6 ) .  Such a r t i f a c t s  a r e  of c o u rs e  obv ious  p r o b le m s ,  
and must  a t  a l l  t im e s  be c o n s i d e r e d  when r e s u l t s  a r e  b e in g
in te r p r e te d , but i t  would be u n j u s t i f ia b le  to  d is c a r d  the  
procedure f o r  t h i s  reason  when th e  on ly  o th e r  means o f  
c a r r y in g  o u t comparable s tu d ie s  are  l i a b l e  to  produce 
e q u a lly  m is le a d in g  ch an ges. Furtherm ore no o th e r  
a v a i la b le  tech n iq u e  len d s i t s e l f  to  the stu d y  o f su ch  a 
d iv e r s i t y  o f  b io ch em ica l p r o p e r t ie s  w ith in  th e  c e l l  w ith  
any d egree  o f a ccu ra cy .
C erta in  enzymes have been  c le a r ly  shown to  be 
a s s o c ia te d  w ith  the m itoch on d ria . Thus th e r e  appears to  
be no doubt th a t  most o f  the cytochrome o x id a se  and 
su c c in o x id a se  a c t i v i t y  o f r a t  l i v e r  and k idney (Hogeboom, 
Claude & H o tc h k is s , 1946; Hogeboom e t  a l . , 1948; S c h n e id er , 
1 9 4 6 b ,c , 1947; S ch n e id er , Claude & Hogeboom, 1948} and o f  
mouse l i v e r  (S ch n eid er  & Hogeboom, 1950b) i s  l o c a l i s e d  in  
th e  m ito ch o n d r ia l f r a c t io n ,  th e  sm a ll amounts found in  
o th er  f r a c t io n s  b e in g  accounted  fo r  a s c o n ta m in a tio n . So 
much r e l ia n c e  i s  p la c ed  on t h i s  s p e c i f i c  l o c a l i s a t i o n  o f th e  
su c c in o x id a se  th a t i t  has been used  as a means o f e s t im a t ­
in g  th e  con tam in ation  o f  th e  n u c lea r  f r a c t io n  w ith  m ito ­
ch o n d ria . Among th e  o th e r  enzymes co n cen tra ted  in  t h is  
f r a c t io n  are o c ta n o ic  a c id  o x id a se  (Kennedy & L ehn in ger,
1948, 1949; S ch n e id er , 1948) and o x a la c e t ic  a c id  o x id a se  
(Schn eid er & P o t te r , 1 9 4 9 ), but in  b o th  c a se s  the a d d it io n  
o f  o t h e r  f r a c t i o n s ,  t h e m se lv e s  i n a c t i v e ,  l e a d s  t o  i n c r e a s e d
a c t i v i t y .  The f a c t  th a t th e se  enzymes are found la r g e ly  
in  the m ito ch o n d r ia l f r a c t io n  dem on strates th a t  th e se  
s tr u c tu r e s  must p la y  a p art in  the Krebs c y c le  r e a c t io n s ,  
a lth o u g h  r e c e n t  o b serv a tio n sb y  Hogeboom and S ch n eid er  
(1950a) on i s o c i t r i c  dehydrogenase su g g e s t  th a t  th e  m ito ­
chondria  are n o t s o l e ly  r e s p o n s ib le .
Of the enzymes n o t e x c lu s iv e ly  a s s o c ia t e d  w ith  th e  
m itoch on d ria  sire DPN-cytochrome c red u cta se  (Hogeboom,
1949, Hogeboom & S c h n e id e r , 1950b) and TPN-cytochrome c 
red u c ta se  (Hogeboom Sc S c h n e id er , 1950a) b o th  o f w hich are  
a ls o  found in  th e  microsome f r a c t io n .  A cid  p h o sp h a ta se , 
AMP-ase (N o v ik o ff , Podber and Ryan, 1950) and ATP-ase 
(N o v ik o ff e t  a l . , 1950; S c h n e id er , 1946b, S ch n eid er  
Hogeboom & R o ss, 1950) as w e l l  as u r ic a s e  (S c h e in , Podber 
Sc N o v ik o ff , 1950) a ls o  appear t o  be la r g e ly  r ec o v e r a b le  
from th e  m ito ch o n d r ia l f r a c t io n .
R e ce n tly  a sy stem  capab le  o f s y n th e s iz in g  p-am ino  
h ip p u ric  a c id  has been shown to  be l o c a l i s e d  i n  the m ito ­
chondria  (K ie lle y  Sc S c h n e id e r , 1 9 5 0 ) . Numerous o th er  
enzymes and su b sta n c es  o f  b io lo g ic a l  im portance have been  
r ep o rted  in  the m ito ch o n d r ia l f r a c t io n ,  but i t  has n o t  been  
e s t a b l is h e d  th a t  th e y  a re  l o c a l i s e d  w ith in  the m ito ch o n d r ia . 
Thus th e  p resen ce  o f  d-amino a c id  o x id a s e , o C -g ly cero -  
phosphate dehydrogenase and r ib o n u c le a se  i s  rep o rted  by 
Claude (1 9 4 4 b ).
S e v e r a l authors have commented on th e  d i f f e r e n c e s  
in  enzyme d i s t r ib u t io n  between mormal l i v e r  m itoch on d ria  and 
m itoch on d ria  from  hepatoma (S ch n eid er , 1946b; S ch n eid er  & 
Hogeboom, 1950b; S c h n e id er , • Hogeboom & R oss, 1 9 5 0 ).
Green, Loomis & Auerbach (1948) d e sc r ib e  an enzyme 
system  prepared  by c e n tr ifu g in g  a t  2000 g hom ogenates o f  
v a r io u s  t i s s u e s ,  and su b seq u en tly  w ashing th e  sed im ent 
s e v e r a l  t im e s . This system  has been shown to be cap ab le  
o f  c a ta ly s in g  the com plete o x id a t io n  o f  pyru vic  a c id ,  the  
f a t t y  a c id s  and amino a c id s  to  carbon d io x id e  and w a ter , 
by way o f  th e  c i t r i c  a c id  c y c le ,  and has been named 
,!c y c lo p h o r a se H to  in d ic a te  th a t  i t  i s  a complex enzyme 
sy stem . Harman (1950b) has examined t h i s  com plex en zym ati­
c a l l y  and c y t o l o g i c a l l y , and con c lu d es th a t  th e  m itoch on d ria  
are th e  m orp h o log ica l u n it s  of th e  'byclophorase sy stem ” .
T his v iew  i s  s tr o n g ly  c o n te s te d  by S ch n eid er  and Hogeboom 
(1951) on th e  grounds th a t  most o f  the cy c lo p h o ra se  o f  
whole t i s s u e  i s  not r eco v era b le  from  and c o n c en tr a ted  in  the  
m ito ch o n d ria ; t h i s  i s  shown by the f a c t  th a t d - i s o c i t r i c  
dehydrogenase i s  found in  h igh er  c o n c e n tr a tio n s  in  th e  
su p ern atan t f r a c t io n  than e lse w h e r e , a lth o u g h  th ey  are c a r e ­
f u l  to  remark on th e  p o s s i b i l i t y  o f  the enzyme h av in g  been  
removed from  th e  m itoch on d ria  in  th e  course o f  f r a c t io n a t io n *
Microsomes :
The e lem en tary  com p osition  o f  th e  m icrosom es l ik e  
th a t  o f  the m itoch ondria  has been  s tu d ie d  by Claude (1 9 4 6 ) .  
The v a lu e s  quoted fo r  r a t  l i v e r  are  as f o l l o w s : -  8 .9 5 $  N, 
1.745? P . 0 . 75$  S , 0 .0 1 -0 .0 2 $  Cu and 0 .0 2 -0 .0 4 $  F e . The 
low n itr o g e n  f ig u r e s  are accou n ted  fo r  on th e  b a s is  o f  an 
e x c e p t io n a l ly  h ig h  co n ten t o f  l i p i d ,  about 40 to  45$  o f  
th e  f r a c t io n .  Of th e  rem ainder a c o n s id e r a b le  p ro p o r tio n  
i s  r ep r e se n te d  by r ib o n u c le o p r o te in , and Claude (1947) con ­
s id e r s  th e  m icrosom es to  be complex s tr u c tu r e s  o f  phospho­
l i p i d  and n u c le o p r o te in  o f  th e  r ib o se  ty p e . The co n ten t  
o f  n itr o g e n , phosphorus, RNA and p h o sp h o lip id  in  mouse 
l i v e r  m icrosom es i s  shown in  Table 1 (Barnum & Huseby, 1948) 
P h o sp h o lip id s  :-
About 40 to  45$ o f  the dry w eig h t o f th e  m icrosom es 
i s  made up o f  p h o sp h o lip id s  and th e se  have been s tu d ie d  by 
Ada (1 9 4 9 ) , Barnum and Huseby (1948 , 1950) and Claude (1946)  
Enzymes :-
The enzymes o f the m icrosom es have e x c i t e d  l e s s  
a t t e n t io n  than  th o se  o f  th e  m itoch on d ria , and co rresp o n d in g ­
ly  l e s s  i s  known co n cern in g  them. Omachi, Barnum and G lick  
(1948) have dem onstrated  the c o n c e n tr a t io n  o f an e s t e r a s e ,  
w h ile  Hogeboom (1949) has shown th a t  DPN-cytochrome c 
red u cta se  i s  found la r g e ly  in  t h i s  f r a c t io n ,  TPN-cytochrome 
c red u c ta se  i s  a ls o  found in  th e  m icrosom es a lth o u g h  to  a
l e s s e r  e x te n t  than in  the m itoch on d ria  (Hogeboom & Schn eid er*  
1 9 5 0 a ). L ik ew ise  ATP-ase i s  found to  a v ery  much l e s s e r  
d egree  in  the m icrosom es than in  th e  m itoch on d ria  
(S c h n e id er , Hogeboom & R oss, 1 9 5 0 ). S ch n eid er  and Hoge­
boom (1951) in  t h e ir  rev iew  on th e  su b je c t  m ention o th e r  
enzymes w hich  have been l e s s  c o n c lu s iv e ly  dem onstrated  in  
th e  m icrosom es.
Su pernatant F r a c t io n :
The su p ern atan t rem aining a f t e r  th e  rem oval o f  
m itoch on d ria  and m icrosom es c o n s t i t u t e s  th e  su p ern atan t  
f r a c t io n ,  and fo r  t h i s  reason  i t s  nature i s  l e s s  w e l l  
d e f in e d . V a r ia tio n s  in  th is  f r a c t io n  can u s u a lly  be l in k e d  
w ith  the su sp en d in g  medium and c e n tr i fu g a l  f i e l d s  em ployed  
in  th e  /s e p a r a t io n .  G en era lly  sp eak in g  how ever, a l l  
p a r t ic u la t e  m atter  down to a s i z e  o f  50 mja. in  d iam eter  i s  
sed im ented  in  th e  microsome f r a c t io n ,  so  th a t the su p ern a ta n t  
fo r  m ost p r a c t ic a l  purposes can be c o n s id er ed  f r e e  from  
la r g e r  p a r t i c l e s .  In  r a t  l i v e r  su b je c te d  to  f r a c t io n a t io n  
in  su cro se  about 32 to  44$  o f  the t o t a l  l i v e r  n itr o g e n  i s  
reco v ered  in  the su p ern atan t f r a c t io n  (Sch n eid er  & Hogeboom, 
1 9 5 1 ), w h ile  th e  v a lu e s  f o r  o th er  t i s s u e s  are o f th e  same 
order* The main component o f the f r a c t io n  appears to  be 
p r o te in  in  nature (P r ic e ,  M ille r  & M il le r , 1 9 4 8 ) , a lth o u g h  
a c o n s id e r a b le  p ro p o rtio n  o f  the RNA o f the c e l l  i s  a l s o
found th ere  to g e th e r  w ith  some l i p i d  m a te r ia l  which m ig r a te s  
c e n t r ip e t a l ly  because o f  i t s  low s p e c i f i c  g r a v it y .
Enzymes
As m ight be e x p e c te d , a g r e a t  v a r ie t y  o f  enzymes 
has been found in  th e  su p ern atan t f r a c t io n .  Thus LePage 
and S ch n eid er  (1948) rep o rted  th a t  in  r a b b it  l i v e r  and 
F le x n e r -J o b lin g  carcinom a, a l l  the enzymes connected  w ith  
th e  g ly c o ly s i s  o f g lu c o se  to l a c t i c  a c id  were p r e se n t in  
t h i s  f r a c t io n ,  and th a t  i t s  t o t a l  a c t i v i t y  accou n ted  f o r  
about 50$ o f  th a t  of the whole t i s s u e . Cytochrome c o f  
mouse and r a t  l i v e r  (S ch n e id er , Claude & Hogeboom, 1948; 
S ch n eid er  & Hogeboom, 1 9 5 0 a ), i s o c i t r i c  dehydrogenase  
(Hogeboom 8c S ch n e id er , 1950a) and a c id  and a lk a l in e  p h os­
p h atase  (N o v ik o ff , Podber & Ryan, 1950) are a ls o  found  to  
a la r g e  e x te n t  in  the su p ern atan t f r a c t io n .
1 .5  The P en tose  N u cle ic  A cid o f the C ytoplasm .
The sugar p a r t o f the m olecu le  o f deoxypentose and 
p en to se  n u c le ic  a c id s  has been s tu d ie d  in  r e l a t i v e l y  few  
c a s e s ,  but has th en  proved to  be d eo x y r ib o se  and r ib o se  
r e s p e c t iv e ly .  I t  has th e r e fo r e  become common p r a c t ic e  to  
r e f e r  to  th e  d eoxypentose n u c le ic  a c id  as d e o x y r ib o n u c le ic  
a c id  (DNA), and to  the p en to se  n u c le ic  a c id  as r ib o n u c le ic  
a c id  (RNA). For th e  sake o f  con ven ien ce  th e r e fo r e  i t  i s  
proposed to  make u se  o f  t h i s  term in o lo g y , i t  b e in g  under­
s to o d  th a t  i t  r e f e r s  to  d eo x y r ib o se  and r ib o s e  o n ly  in  the  
c a s e s ,  e . g . ,  l i v e r ,  where th e se  su g a rs have b een  i d e n t i f i e d ,
and in  a l l  o th er  c a se s  to  d eoxyp en tose  and p e n to s e .
U n t i l  th e  e a r ly  p a r t o f t h i s  cen tu ry  i t  was g e n e r a lly  
b e l ie v e d  th a t  DNA was t o  be found e x c lu s iv e ly  in  anim al 
t i s s u e s ,  w h ile  RNA was c h a r a c t e r i s t i c  o f p la n t  t i s s u e s .  
F eu lg en  and R ossenbeck (1924) dem onstrated th e  p resen ce  o f  
DNA in  th e  n u c le i  o f  wheat germ, and assumed th a t  th e  RNA 
was p r e se n t  in  the cy top lasm . Jorpes (1934) was a b le  to  
show th e  p resen ce  o f RNA in  p a n crea s, and when Behrens 
(1938) dem ontrated RNA in  the cytop lasm  o f rye embryo, the  
e a r ly  id e a s  o f p la n t and anim al n u c le ic  a c id s  were f i n a l l y  
d isp r o v e d . Claude (1940 , 1941, 1943a ,b ) found th a t  RNA 
was a s s o c ia t e d  w ith  the p a r t ic u la t e  m atter  of the c y to ­
plasm  o f v a r io u s  anim al t i s s u e s ,  and has s in c e  found i t  to  
be p r e se n t  in  a l l  the cy to p la sm ic  f r a c t i o n s ,  w h ile  S ch n eid er  
(1946b) has proved th a t  a l l  the ENA o f  the c e l l  i s  r e c o v e r ­
a b le  from  the n u clear  f r a c t io n .  However, a lth o u g h  DNA i s  
e x c lu s iv e ly  found i n  the n u c le u s , RNA i s  n o t a p u re ly  c y to ­
p lasm ic  c o n s t i tu e n t  s in c e  C aspersson  and S c h u ltz  (1940) and 
D avidson and Waymouth (1946) have found sm a ll amounts o f  
RNA w ith in  the n u c le u s .
As a r e s u l t  o f  the d em on stra tion  o f RNA in  th e  c y to ­
p lasm , numerous workers have examined i t s  d i s t r ib u t io n
throughout the cy to p la sm ic  f r a c t io n s  o f  s e v e r a l  t i s s u e s .  
The r e s u l t s  o b ta in ed  by some o f th e s e  workers f o r  l i v e r  
are summarised in  Table 2 . A n a ly s is  o f  r a t  k id ney  has 
been c a r r ie d  ou t by Schneider (1946b) and S ch n eid er  and 
P o tte r  (1949) w h ile  S ch n e id er , Hogeboom and Ross (1950)  
have r ep ea ted  th is  work on r a t  and mouse tum ours. Munt- 
w yler e t  a l .  (1950) have observed  v a r ia t io n s  in  the d i s ­
t r ib u t io n  o f  RNA in  the l i v e r  f r a c t io n s  o f r a ts  m ain ta in ed  
on a p r o te in  d e f i c i e n t  d i e t ,  and P r ic e , M ille r  and M ille r  
(1 9 4 8 ) , P r ic e ,  M il le r ,  M ille r  and Weber (1 9 4 9 a ,b , 1950) 
have s tu d ie d  th e  a f f e c t s  o f  f e e d in g  var iou s c a rc in o g en ic  
and r e la t e d  dyes on th e  RNA d i s t r ib u t io n  in  r a t  l i v e r .
1*6 The B io lo g ic a l  A c t iv i t y  o f th e  N u c le ic  A c id s .
S e v e ra l auth ors have sou gh t to  stu dy the b io ­
s y n th e s is  o f  the n u c le ic  a c id s  making use o f i s o t o p i c a l l y  
la b e l l e d  p r e c u r so r s . Thus Davidson and Raymond (1948) 
fe e d in g  ammonium c i t r a t e  la b e l le d  w ith  ^ N  to  p igeon s and 
r a ts  found in c o r p o r a tio n  o f th e  iso to p e  in to  the RNA o f  
the l i v e r s ,  w h ile  th e re  was n e g l ig ib le  in c o r p o r a t io n  in to  
the DNA. P le n t l  and Schoenheimferr (1944) showed th a t  
la b e l le d  guanine was n o t  in co rp o ra ted  in to  the t i s s u e  
n u c le ic  a c id s ,  w h ile  Brown, R o l l ,  P le n t l  and G a v a lie r i  
(1948) dem onstrated  the in c o r p o r a tio n  o f  la b e l le d  aden ine  

































® .  © **■> at qt
O ft CO fl£ © ^  g -p 43 ©
d  H  tO O H  •H*-'*
© © ^ J  -© w  © 00 ©CO ©00
^  £} 5  S» O^H O «dt d  rH
© «d H bO. «rl 0> H O) ,9 0>
K  S d  £  H  ft H  O H<Z> W d  P t w  P t v—' to  ^
u  d  o o
© © © "d -P © i ra i i a) i ©
8 , 5 . 3  3  ? s  s  °  s oh H * h  CD d  ^  c o p t  to ft
- P O H  COO H H  0 0 ©  01 O
j l  & j q  _• P • p
o  toS H C O  o c q  o  m  o  03
£  £  f t  f t  f t
© © © © ©> > > t> t>© H H H H H
g ^  Hi A H
© +J *P +> 43 43
£  2  © © © ©E4 (d pd Pd Pd Pd
©
P©©
H P-» w O) ^  00 to t o t o  lO to O O O O  O O O O  CO J^t O to CQ 43 <t{ • • • •  • « • • « •  • • « •  « • • •  • • « «  •
S to H £> to 0 > to to O 0 > £- H 0> 0 > tO to O CQ H tO tO 0 >






OPt t O^j t  O C O  H  00
H <| • • I t  • I • l l I • • I I I
" CQ tO • I to I LO I I t j> © | | |
CQ CQ CQ CQ CQ CQ> g
bO 
S
P  d  d  d  d
o 0 + 0  o o
•H H  d  H d  *H d  H d
43 43 4 3 +  O 43 o  43 o  43 o
O O O d * H  O d H  O d H  O d H
_  d  d  _ d  o  43 cj o  43 d  o 43 © 0 4 3
d  ft ft d  ft h  o  d f t H o  d f t H o  d f t H o
O P4 43 O Jx( 43 © O 43 d  O ^ f P  (d O &t 43 d
■H H H O d H O d i H O d  H  O ft
43 H  H  43 H  ctf ^  43 H  cd 43 H  cj 43 H  a)
O d  O d d  O d d  o d d  O d d
d  *H o  aj *H [i, 43 cd *H fi, 43 aj *H fx, 43 d  *H 43
© d  d  © H d d  d  d d  d  d d  d  © d  d  d  
■p *3 43 s  h  © d  f e ^ d o d  f t  tJ © d  43 f t  «3 © d
d  d  d  d r o  d  S  43 d  fi 43 d S 43 d  d  S  43
o  d  d  g  © d d d o o d  d  o  o  d  d S o d  d d O o d  
h  © d  rd d  © H  d r d r a d  d ^ l r a d  d  , 3 ra S  © d  43 © d
43 b Q O O ' d  bO f t  © O O f  © O O d  © O O d  b0 © O O d
O O H O H  O O H O d ©  H O d ©  H O d ©  O H O d ©
d S 043 W S 43 O 43 O f t  0 43 O ft  0 43 O ft  S O 4 ^ 0  f t






© O H  ^  CO
§
O <*N & 0> © -sH 
tO 03 
O H  
W '- '
d© d TJ ©
•H -P 
© P  CD© o <sji
Pu. CD 





? H O  
P  erf to  © 0>
S  © ^
© I © 
S  O 
lO d  
CM O • 2 
O  CO
I
© ro a  o 
00 d  oo o 




ID d  
CM O• d
O  CO
© I © a  o 
io  d  




































O  H  CO CM 00 CM 00 tO O  tQ H  CM tO CM 03 to  tO CO «3«
O  tO LO
H  H
© O H I O  
tO H  CM
CO 03 O  CO CO CO 
£» C- tO CM
t O H ^ r l O  
00 H  ^  tO
^  to• • f i t
CM CM I I I 
CM CM
lO I>• • t i l l  00 00 I I I I
CM CM
CO CM • • I I I






Crf O P  
d  d  H  O 
O f t  P  crf 
•H O d  
-P H  crf f t  
O © d  
© H  f t  P  
© d  d  ©
p  ft *© © 3 
crf „ d  © d o
© Crf rd
bQ © O 
O H O  a o p  o






_  °  d  *h
d  o
H  
P  P  
O O . .
Crf Crf O P  
d  d  H  O 
+» pt, P  Crf
W o  d  
W H  © f t  
© d  O H  ft P  
H  d  ©
S ' © © ©  
© d  a  p
© o  O 
H  d  nf i t )  o













© © O +3
© d  d  H  O
O P  f t  +3 ©
•H }x{ O d
+3 f t  H  © (i*
O © d  
© O H  ft P  
© d  H  d  ©
p  f t  a ' d  ©  ©© © © a p© d © o o ©
© © H  ,© © ©
tO © f t  O O d
O H  O O Jh ©
g  O P P  O f t




O © *H 
© O P
d  d  H o
O f t  P  © 
H O d  p  H  © f t  
O © d  
© H  f t  P  
© d  d  ©
P  f t  H
© d  
d  d  o _
© © ,© © to © o o
O H O  _a o p o ft 
o d
W £5
© © a po ©
d  ©
H  d




















































































•d O H  
H O"-' 
© P  * © m t© ra 




















03 CM CO I> tO 
© © *  •  •
03 O lO CO lO 
03 r l  H  H
03 nJ*• • I I I  







© O P  
© d«ri O 
O ft P  © 
H O d  
p  H © ft 
O © d  
© H ft P  
© d d d
P  ft r© © © 
© d S -p © u g o co 
© © P ra d 
bO © o  o  d 
O H O d © 
S O P  O ft 








h  • ra 
P d © •
© o P ©
©HP© 
£ p  © 
o d o
© © H 
«d d p 
P <M ft O <J ©
g l § °O fl© © <H H O O 
d d O P O 
•P *H h  *r[
© a © p  
a ^  p  o 
H H © © 
p d o d 
© © o <d 
©
d © p
© o P d
p  «ri P  0
© p d
d o  •'Crf © © J>> © 
ft d P  ra 
© H P
© a d
H d © 
P © O 
d H <h © 
O d H p
-d d p  
h t i  dd o  O 
d P <h P © O O 
o o © 
p © o
© H P
d a ©'d 
o  © © 
P © 'd 
p  p ©







Eh <d ft P
s
p  I I
_ H ©
a  d H 
O P  
d d d  
<«-r ©  ©
O ©
S.w'0 o *d






o «) a o
H d d H 
P  H O P  
d t i d  O 
© © H © 
ft © d d  
o  d <d 
d K
© 0  <4+ P
p o d
P  }>s ©
p  © p  
^ © 
<«h p © d 
d © d 
© © © 
p © ft 
d © P d 












01 *  
• S




d  © h  *d© O P ©  
d ©'d 
© o w d 
PH dH 
B f id  o
*
t i s s u e  n u c le ic  a c id s .  L ater  Brown, Peterman and F u r st  
(1948) and F u r s t ,  R o l l  and Brown (1950) found  th a t  fe e d in g  
aden in e la b e l le d  w ith  to  r a t s  r e s u lt e d  in  th e  l a b e l l i n g  
o f  th e  p u r in es o f whole v is c e r a  and l i v e r  RNA, w h ile  th e  
corresp on d in g  in c o r p o r a tio n  in to  th e  DNA in  r e s t in g  l i v e r  
was v ery  sm a ll. LePage and H eid e lb erg er  (1951) however 
have shown th a t  the p u rin es o f  b o th  RNA and DNA o f  r a t  
l i v e r  and tumour take up la b e l le d  g ly c in e  q u ite  r a p id ly .  
The apparent anomaly in  th e se  f in d in g s  has been i n v e s t i ­
g a ted  by F u r st  and Brown (1951) who conclude th a t  two 
pathways fo r  the s y n th e s is  o f DNA p u rin es must e x i s t .
Other workers have made use o f  radiophosphorus to  
stu d y  th e  in c o r p o r a t io n  o f phosphorus in to  the m olecu le  o f  
RNA and DNA- By th is  means B ru es, Tracey and Cohn (1 9 4 4 ) ,  
Hammarsten and Hevesy (1946) and Davidson (1947) have shown 
th a t  in  r e s t in g  l i v e r  the s p e c i f i c  a c t i v i t y  o f  th e  r ib o ­
n u c le ic  a c id  phosphorus (RNAP) i s  much h ig h e r  than th a t  
o f  d e o x y r ib o n u c le ic  a c id  phosphorus (DNAP).
With the dem on stration  th a t  the RNA o f th e  c e l l  i s  
d is t r ib u t e d  throughout the va r io u s cy to p la sm ic  f r a c t io n s
and in  the n u c le u s , i t  would o b v io u s ly  be o f  in t e r e s t  to
32stu d y  the uptake o f  P by th e  RNAP o f  th e se  f r a c t io n s  
in d iv id u a l ly .  In view  o f  the a s s o c ia t io n  so  fr e q u e n t ly  
p o s tu la te d  betw een  RNA and p r o te in  s y n th e s is  (Spiegelm an
& Kamen, 1947; C aspersson , 1947; T h o r e ll ,  1947; Davidson, 
1949) and a ls o  th e  o p in io n s ex p ressed  oon cern in g  the syn­
t h e s i s  o f RNA and DNA (Marshak, 1948; Marshak & Galvet, 
1949; B r a ch e t, 1947 and J een er  & S z a fa r z , 1 9 5 0 a ), su ch  a 
stu d y  becomes n ot m erely  a m atter  o f i n t e r e s t  but one o f  
n e c e s s i t y •
In  such work i t  would be in t e r e s t in g  to  examine n o t  
o n ly  th e  s p e c i f i c  a c t i v i t i e s  o f  the phosphorus from the  
RNA in  th e  d i f f e r e n t  f r a c t io n s ,  but a ls o  the q u a n t ita t iv e  
d is t r ib u t io n  o f  the RNA- P rev iou s work has in v o lv e d  th e  
i s o l a t i o n  o f  th e  RNA and DNA in  ord er to  measure the uptake  
o f  32j>f th is  procedure i s  n e i t h e r  q u a n t ita t iv e  n or  con­
v e n ie n t  where sm a ll p o r tio n s  o f  t i s s u e s  or t i s s u e  f r a c t io n s  
are  con cern ed . As a r e s u l t ,  D avidson, Gardner, H u tch ison , 
Me In d oe , Raymond and Shaw (1949 ) and D avidson , Gardner, 
H u tch iso n , Mclndoe and Shaw (1949 ) have examined the  
p o s s i b i l i t y  o f  making u se  o f the t i s s u e  f r a c t io n a t io n  pro­
cedure o f  Schmidt and Thannhauser (1945) as a means o f  
o b ta in in g  a measure o f th e  in c o r p o r a tio n  o f  in t o  th e  
RNAP and DNAP o f  variou s t i s s u e s  - S e v e r a l workers 
(Campbell & K o s t e r l i t z ,  1949; Holmes, 1949; H ull h K irk , 
1 9 5 0 a ,b ,c )  have adopted t h i s  procedure w ith o u t r e s e r v a t io n  
as a means o f s tu d y in g  the uptake o f  radiophosphorus b y  
RNAP and DNAP • This in v o lv e s  the assum ption th a t  tho
s p e c i f i c  a c t i v i t i e s  o f the Schmidt and Thannhauser 
f r a c t io n s  corresp on d in g  t o  RNA and DNA are th e  same as 
th o se  o f th e  i s o la t e d  m a te r ia ls .  Jeen er  (1 9 4 9 a ,b ) ,
J een er  and S za fa rz  ( 1950a ,b ) and D avidson, F razer  and 
H utchison  (1951) have shown th a t t h is  assum ption  i s  n o t  
j u s t i f i a b l e ,  and in  company w ith  E u le r , H evesy and 
Solodow ska (1 9 4 8 ), F r ie d k in  and L ehninger (1949) and Mar­
shak and C a lv e t (1949) have drawn a t t e n t io n  to  the p resen ce  
o f  a sm a ll amount o f h ig h ly  a c t iv e  in o rg a n ic  phosphate in  
the RNA f r a c t io n  o b ta in ed  by th e  Schm idt, and Thannhauser 
p ro ced u re .
vThe p o s s i b i l i t y  o f t h i s  a r is in g  a t  l e a s t  in  p a r t  
from  in com p lete  rem oval o f  the a c id  so lu b le  phosphorus 
compounds in  the i n i t i a l  s ta g e s  o f  th e  e x tr a c t io n  has 
been r e c o g n ise d  by F r ied k in  and Lehninger (1949) and 
D avidson , F razer  and H utchison  (1 9 5 1 ) . Both groups have 
a p p lie d  v a r io u s  e x tr a c t io n s  such as washing the t i s s u e  
i n i t i a l l y  w ith  t r ie h b r a c e t ic  a c id  (TCA) c o n ta in in g  sodium  
phosphate p r io r  to  the Schmidt and Thannhauser proced u re. 
T his trea tm en t however d id  n o t e lim in a te  the con tam in atin g  
in o r g a n ic  phosphate from  the RNA f r a c t io n .  Jeen er (1949a , 
b) c a r r ie d  out rep ea ted  a d d it io n s  o f  in o rg a n ic  phosphate  
to  th e  RNA fr a c t io n  fo llo w e d  by r e p r e c ip i t a t io n  w ith  
m agnesia m ix tu r e , in  an attem pt to  remove a l l  t r a c e s  o f  the
h ig h ly  a c t iv e  ph osphorus, h u t found the method n o t  com­
p le t e ly  s u c c e s s f u l .  Jeen er  and S za fa rz  (1950 a ,b )  r e ­
so r te d  to  paper chromatography o f th e  f r a c t io n  u s in g  
phenol a s  a s o lv e n t ,  a method which a lth ou gh  n ot s e p a r a t­
in g  th e  n u c le ic  a c id  components in  any way a p p aren tly  r e ­
moved th e  l a s t  tr a c e s  o f in o r g a n ic  ph osp h ate .
B esid es  the p resen ce  of contam inating  in o rg a n ic  
p h osp h ate , D avidson , F razer  and H utchison  (1951) have shown 
th a t  the RNA c o n te n t  o f  th e  f r a c t io n  as e stim a te d  by p en to se  
d e ter m in a tio n  i s  in v a r ia b ly  about 85^ o f  th a t  ex p ected  on  
th e  b a s is  o f  the phosphorus c o n te n t , and th ey  have ex p ressed  
th e  o p in io n  th a t  the RNA f r a c t io n  c o n ta in s  phosphorus com­
pounds o th er  than a c id  s o lu b le  r ib o n u c le o t id e s  and th e  i n ­
org a n ic  phosphate g e n e r a lly  co n sid ered  to  be d e r iv e d  from  
p h o sp h o p ro te in *
C le a r ly  th e n , b efo re  any s u c c e s s f u l  a ttem p t can be 
made to  examine th e  in c o r p o r a tio n  o f in to  the RNA o f  
anim al t i s s u e s ,  i t  i s  e s s e n t i a l  th a t  a method sh ou ld  be 
d e v ise d  y ie ld in g  su b sta n ces  which can be r e a d i ly  i d e n t i f i e d ,  
and which a re  f r e e  from con tam in ation  w ith  o th e r  a c id  
s o lu b le  p h o sp h a tes. Such a method should  a t  the same tim e  
be a p p lic a b le  to  the sm a ll amounts o f  m a te r ia l w hich are  
a v a i la b le  f o r  example on the f r a c t io n a t io n  o f  the c e l l u l a r  
com ponents.
The primary o b je c t  o f t h i s  in v e s t ig a t io n  has th e r e ­
fo r e  b een  th e  developm ent o f  a method vjhieh m eets th e
above req u irem en ts , and the subsequent a p p l ic a t io n  ©f
a©
such  a tech n iq u e  to  the stu d y  of th e  uptake o f  f  into 
th e  RNAP o f  the cy to p la sm ic  fractions* It is  hoped by 
such  an exam in ation  to  o b ta in  a g r e a te r  u n d erstan d in g  
o f  th e  s y n th e s is  and fu n c t io n  o f th e  RNA o f  the 0©11»
PART I I  -  METHODS.
2 -1 . A n im als.
The an im als u sed  in  th e  experim en ts to he d e sc r ib e d  
were as fo l lo w s
a . Male a lb in o  r a ts  v a ry in g  in  w eigh t from 150 to  
300 g- from the co lo n y  m ain ta ined  in  th e  departm ent, and 
fe d  on a stan d ard  d i e t .
b . Male hooded r a ts  vary in g  in  weigjht from 150 to  
300 g . from  th e  d ep artm en ta l c o lo n y , and fe d  on a stan d ard  
d i e t .
c - Female r a b b its  w e igh in g  from  2 -0  to  3 .0  kg* 
from th e  d epartm en tal co lo n y  and fe d  on a stan dard  d i e t .
d- Brown leg h o rn  fo w ls  from  th e departm ental s to c k ,  
fe d  on a stan dard  d i e t .  Gocks, la y in g  and n o n -la y in g  b ir d s  
were u se d , and a l s o  cocks b ear in g  the GRCH 15 tumour 
(P eacock , 1 9 3 3 ).
2 .2 .  The A d m in istra tio n  o f R a d io a c tiv e  P hosphorus.
32R a d io a c tiv e  phosphorus ( P as in o r g a n ic  phosphate  
ob ta in ed  from A .E-R .E . H a rw e ll) , e x c e p t  in  th e  exp erim en ts  
in v o lv in g  th e  i s o l a t io n  o f  cy to p la sm ic  f r a c t io n s  from  
su cro se  hom ogenates, was made N w ith  r e sp e c t  to  HC1 and 
su b je c te d  to  10 min* h y d r o ly s is  a t  1 0 0 ° , in  ord er  t o  d e s tr o y  
any p o lyp h osp h ates p r e se n t . The s o lu t io n  was then
rzp
r - e u t p a l i s ed by 5H-NaOH b efo re  u s e . The P s o lu t io n  was
a d m in istered  by su bcutaneous i n j e c t i o n  betw een  th e  sh o u ld er
b la d e s , ex cep t in  th e  exp erim en ts r e fe r r e d  to  ab ove, when
in tram u scu lar  i n j e c t io n  in  th e  th ig h  was u se d . In  th e
32 /i n i t i a l  exp erim en ts the dosage was 10 to  20 ^ic. P /100 g .  
body w t . ,  but l a t t e r l y  t h i s  was in c r e a se d  t o  5 0 y ic .  ^ P / l 0 0  g . 
body w t.
2 .3 .  The E x c is io n  o f  the O rgans.
The anim als were k i l l e d  e i t h e r  by c e r v ic a l  d i s lo c a t io n  
or by e x sa n g u in a tio n  under e th e r  a n a e s th e s ia . The abdomen 
was r a p id ly  opened and the l i v e r  p e r fu se d  w ith  c o ld  i s o t o n ic  
s a l in e  through the p o r ta l  v e in .  The organs and t i s s u e s  
req u ired  were q u ick ly  removed, b lo t t e d  to  remove e x c e s s  
b lo o d , w eigh ed , and c h i l l e d  on i c e .
2 .4 .  P rep a ra tio n  o f H om ogenates.
a . Where o n ly  w hole t i s s u e  was b e in g  s tu d ie d , and no 
attem p t was b eing  made to  se p a r a te  th e  c y to p la sm ic  f r a c t i o n s ,  
an lfAtom ixlf, Waring or N elco  b le n d er  f i t t e d  w ith  an ic e  
ja c k e t  was u sed . In  t h i s  c a se  the t i s s u e  was hom ogenised  
w ith  4 or 9 v o l .  o f  ic e  c o ld  0.9^? s a l in e  a t  f u l l  sp eed  f o r
6 m in.
b . In  the t i s s u e  f r a c t io n a t io n  e x p e r im en ts , i t  was 
n e c e ssa r y  t o  adopt a procedure w hich would n o t  b r in g  about  
a p p re c ia b le  d e s tr u c t io n  o f th e  n u c le i ,  bu t w hich w ould  
e f f e c t  maximum breakdown o f  the in t a c t  c e l l s .
0 .9 ^  s a l in e  was u sed  in  th e  p r e lim in a ry  exp erim en ts  
as th e  su sp en ding  medium, and i t  was found th a t  e i t h e r  th e  
g la s s  hom ogeniser o f  P o tte r  and Elvehjem  (1 9 3 6 ) , or th e  
,fAtom ixH run a t  h a lf - s p e e d  fo r  6 min* gave good r e s u l t s .
E xperim ents w ith  0 . 25M -sucrose however showed th a t  
th e  t i s s u e s  were much more f r a g i l e  in  t h is  medium, and th a t  
a very  much m ild er  hom ogenising tech n iq u e  was n e c e s s a r y .
The apparatus o f  P o tte r  and Elvehjem  (1936) s u f f e r s  from  
c e r ta in  d isa d v a n ta g es  in  th a t  i t  i s  v ery  te d io u s  when 
d e a lin g  w ith  more than  about 10 g . o f  t i s s u e ,  th a t  th e  
degree o f  h om ogen isa tion  i s  d i f f i c u l t  to  c o n tr o l from  
experim ent to  exp er im en t, and th a t  a f a i r  amount o f  powdered 
g la s s  was in e v ita b ly  produced which contam inated  th e  homo- 
g e n a te . As a r e s u l t ,  a p ad d le-sh ap ed  b la d e  was made to  
f i t  a N elco  b le n d er , and i t  was found th a t  4 m in. a t  f u l l  
speed  w ith  a t o t a l  volume o f  75 m l. produced hom ogenates 
c o n ta in in g  a minimum number o f  unbroken c e l l s  and a m axi­
mum number o f  in t a c t ,  f r e e  n u c le i .  A photograph o f  t h i s  
apparatus is. shown in  P ig .4 .
2 .5 .  The F r a c t io n a t io n  o f L iv er  T is s u e .
P re lim in a ry  exp erim en ts were c a r r ie d  out on s a l in e  
hom ogenates. H om ogenisation was o b ta in ed  by means o f  the  
P o tte r  and E lvehjem  (1936) hom ogen iser , and th e  hom ogenate  
b efore  b e in g  fr a c t io n a te d  was s tr a in e d  through 2 la y e r s  o f
F i g u r e  4.
nylon  to  remove m ost o f the c o n n e c tiv e  t i s s u e  and any 
la r g e  p ie c e s  o f  unbroken t i s s u e .  F r a c t io n a t io n  was then  
c a r r ie d  ou t by th e  method o f  Claude (1946) u s in g  an 
I n te r n a t io n a l  Equipment Co. Model P .R .l  r e fr ig e r a te d  
c e n tr i f u g e ,  w ith  the h ig h  speed attachm ent when r e q u ir e d .  
L ater  work was c a r r ie d  out on homogenates in  0 . 25M -sucrose, 
which a f t e r  s t r a in in g  through ny lon  were fr a c t io n a te d  by 
th e  method o f  S ch n eid er  (1948) d e sc r ib ed  in  th e  p rev iou s  
s e c t io n ,  e x c e p t  th a t  th e  microsome f r a c t io n  was n o t washed. 
2 .6*  F r a c t io n a t io n  o f Phosphorus Compounds in  the T is s u e s .
Procedure 1 . In e a r ly  work when a l l  th e  phos­
phorus c o n ta in in g  f r a c t io n s  o f  th e  c e l lu la r  c o n s t i tu e n t s  
were s tu d ie d ,  th e  method used  was th e  m o d if ic a t io n  o f  th e  
Schm idt and Thannhauser (1945) procedure proposed by 
D avidson , F razer and H utchison  (1951) ( F ig .5 ) .
In  t h i s  p roced u re, th e  homogenate was tr e a te d  
w ith  0 .5  v o l .  30$ (w /v) A.R. t r i c h lo r a c e t i c  a c id  (TCA), 
and a llo w ed  to  stan d  on i c e  fo r  about 30 m in. The p r e ­
c ip i t a t e d  m a te r ia l was c e n tr ifu g e d  out and washed tw ice  
w ith  a volume o f  i c e - c o ld  10$ (w /v) TCA e q u iv a le n t  t o  th e  
o r ig in a l  v o l .  o f  hom ogenate. The su pern atan t f l u i d  and 
w ashings were s e t  a s id e  on i c e  fo r  fu r th e r  f r a c t io n a t io n  
as the a c id - s o lu b le  f r a c t io n  (A^S). The p r e c ip i t a t e  was 
th en  e x tr a c te d  s u c c e s s iv e ly  w ith  a c e to n e , e th a n o l, e th a n o l-
F ig u re  5 .
T issu e  Homogenate 
(or c e l l  f r a c t io n )T
10$ TCA e x tr a c t io n
I
A c id -s o lu b le  P (A^S)
1
O rganic P In organ ic  P
(V(sp
A c id -s o lu b le  f  (AgS)
O rganic P 
(S8 )
In organ ic  P
(ps >
Res idue
L ip id  E x tr a c t io n
L ip id  P R esidue
N-NaOH a t  37°
A lk a l i - s o lu b le  P
(HoS°4 
A c id i f ic a t io n (  & 
(TCA)
P r e c ip ita te
(R)
CHClg ( 3 : 1 ) ,  e th a n o l-e th e r  (3 :1 )  ( t w ic e ) ,  and f i n a l l y  
eth er*  The e x tr a c t s  were com bined, taken  to  dryness on 
a w ater  b a th , and th e  r e s id u e  e x tr a c te d  w ith  GHGlg to  
p rov id e  the l i p i d  f r a c t io n  ( l ip id  P ) *
The dry r e s id u e  was tr e a te d  w ith  a volume o f N-NaOH 
eq u a l to  th a t  o f  th e  o r ig in a l  hom ogenate, and incub ated  
o v e rn ig h t a t  3 7 ° . The a lk a l in e  d ig e s t  was g e n e r a lly  
s l i g h t l y  tu r b id  in  accord  w ith  th e  e x p e r ien ce  o f D avidson, 
F razer  and H utch ison  (1 9 5 1 ), but f o r  the purposes o f  th ese  
exp erim en ts t h i s  in s o lu b le  m atter was ig n o red . The d i ­
g e s t  was n e u tr a l is e d  w ith  lON-HgSO^, and s u f f i c i e n t  30^  
(w /v) TCA added to  b ring  th e  f i n a l  co n c en tr a tio n  to  10^- 
The p r e c ip i t a t e  c o n ta in in g  p r o te in  and DNA was c e n tr ifu g e d  
out and washed tw ic e  w ith  1 0 / (w /v) TCA, the su p ern atan t  
and w ashings b e in g  s e t  a s id e  f o r  fu r th e r  f r a c t io n a t io h  as 
th e  a c id - s o lu b le  f r a c t io n  (AgS). The s o l id  r e s id u e  was 
d is s o lv e d  in  N-NaOH to  form th e r e s id u a l  (H) f r a c t io n .
Both a c id - s o lu b le  f r a c t io n s  A-^ S and A^S co n ta in ed  
in o r g a n ic  p h osp h ate , and a p o rtio n  o f each was th e r e fo r e  
t r e a te d  w ith  M ath ison 's (1909) r e a g e n t, in  the r a t io  o f  
1 m l. reagen t t o  10 m l. o f  e x t r a c t ,  in  ord er  to  se p a r a te  
the in o rg a n ic  and organ ic  com ponents. The m ixture was 
made a lk a l in e  w ith  ammonia and a llo w ed  to  stand o v ern ig h t  
in  the c o ld .  The p r e c ip i ta t e  o f  Mg(NH^)P0^ was f i l t e r e d
o f f  through a Whatman n o .42 f i l t e r  p ap er, washed w ith  
d i lu t e  ammonia and f i n a l l y  d is s o lv e d  in  N-HC1* This p ro ­
v id ed  th e  in o r g a n ic  f r a c t io n s  P1 and Pg w h ile  th e  mother 
l iq u o r s  were taken  as the organ ic  phosphate f r a c t io n s  S 
and Sg.
Procedure 2 . The above procedure w h ile  s u i ta b le  
f o r  the a n a ly s is  of t i s s u e s  and t i s s u e  f r a c t io n s ,  d id  n o t  
len d  i t s e l f  to  fu r th e r  s tu d ie s  o f th e  r ib o n u c le o t id e  con­
t a in in g  (AgS or Sg) f r a c t io n s .  In order to  make t h i s  
p o s s ib le  f u r th e r  m o d if ic a t io n s  o f  the se p a r a tio n  scheme 
were a d o p ted , the aim b e in g  th r e e fo ld
a . th e  c o n c e n tr a t io n  o f  th e  f r a c t io n ,
b . the e l im in a t io n  o f  as much o f  the s a l t  co n ten t  
as p o s s ib le ,
c .  th e  use o f  a p r e c ip ita n t  to  r e p la c e  the TCA, 
which would not absorb u l t r a v io l e t  l ig h t*
The f i n a l  tech n iq u e d evelop ed  i s  shown in  P i g .6 , and i s  
s im ila r  to  th a t o f  D avidson , F razer and H utchison (1951) 
i n i t i a l l y ,  d iv e r g in g  a t  th e  s ta g e  o f  a lk a l in e  in c u b a tio n . 
Here 0.3N-K0H was used to  rep la ce  the N-NaOH in  order to  
p rov id e a m e t a l l ic  ion  which cou ld  be r e a d ily  removed; 
a t  th e  same tim e the volume o f a l k a l i  was re d u c e d  to  
1 m l . / 100 mg* dry powder. In cu b ation  was c a r r i e d  out a t  
37'° f o r  18 hr* The r e s u l t i n g  d i g e s t ,  which was f r e q u e n t l y
F igu re  6 .
T issu e  Homogenate 
(or  © e ll  f r a c t io n )
1 0 /  TCA e x tr a c t io n  
_______ I_____________
Ac id - s  o lu b le  (A- S )
O rganic F In organ ic  P
(Sq) (Px )
((U sually  d isca r d e d )
i
R esidue
L ip id  E x tr a c tio n
r
L ip id  P R esidue
(U su a lly  d isca rd ed )
0.3N-K0H a t  37'
A lk a l i - s o lu b le  P
A c id i f ic a t io n  (HG10 )
4
- s o lu b le  P (A2S)
r
f
T!^ : © arried  o u t)
In organ ic  P 
(p2 )
P r e c ip ita te
(R)
(U su a lly  d isca r d e d )
q u ite  t h ic k ,  was cooled, on ic e  and a d ju ste d  to  pH 1 by the  
a d d it io n  o f  6 0 /  HCIO^. By t h i s  means p r o te in , DM and the; 
b u lk  o f  th e  K ( in  the form of the in s o lu b le  p e r c h lo r a te )  
were p r e c ip i t a t e d  and removed by c e n tr ifu g a t io n *  The p re­
c ip i t a t e  was washed tw ice  w ith  a sm a ll amount o f  N-HC10,, 
th e  su p ern a ta n t and w ashings combined and th e  pH a d ju ste d  
to  4 w ith  5N-K0H* Any KCIQ  ^ produced was c e n tr ifu g e d  out 
and th e  su p ern a ta n t then  formed the a c id -s o lu b le  (AgS) 
f r a c t io n  w hich c o n ta in ed  the r ib o s e  m ononucleotides d er iv ed  
from th e  t i s s u e  R E . In most exp erim en ts, the H f r a c t io n  
was d isca r d e d  s in c e  th e  in t e r e s t  was cen tered  m ainly on 
th e  A S f r a c t io n .  When th is  was don e, no attem pt was made 
to  wash th e  p r e c ip i t a t e ,  in  order to  o b ta in  maximum con­
c e n tr a t io n  o f  th e  AgS.
The f r a c t io n  A^S o b ta in ed  as d e sc r ib ed  above was 
a v a i la b le  f o r  u se  as such f o r  the subsequent a n a ly s is  
p r o c ed u r es .
Procedure 3 . In la t e r  experim ents when i t  had been  
found n e c e ssa r y  to  prepare a n u c le o t id e  f r a c t io n  f r e e  from  
fh #  phosphate e s t e r s  (se e  l a t e r )  which accompany th e  
n u c le o t id e s  in  f r a c t io n  A^S, a fu r th e r  m o d if ic a t io n  of the 
Schm idt and Thannhauser (1945) procedure was ad op ted . The 
scheme used  i s  shown d iagram m atica lly  in  F i g .7 ,  the i n i t i a l  
s ta g e s  b e in g  unchanged from th o se  o f  D avid son , F razer  and
F igu re 7
T issu e  Homogenate
1 0 /  TCA e x tr a c t io n
I------------------------
A c id -s o lu b le  ( A S )
I
O rganic P In organ ic  P
(sx ) (px )
R esidue
L ip id  E x tr a c tio n
L ip id  P R esidue
1 0 /  NaCl e x tr a c t io n
E x tr a c t
i
P r e c ip i t a t io n  w ith  a lc o h o l
R esidue
(d isca rd ed )
P r e c ip i t a t e
Washing w ith  a lc o h o l  and e th e r
Supernatant
(d iscard ed )
0 • S'H-KOH a t  37
A lk a l i - s o lu b le  P
A c id i f ic a t io n  (HC10.)4
R esidue (R) 
(d isc a r d e d )
A c id -so lu b le  P (A .3)o
H utch ison  (1 9 5 1 ) . I t  proved advantageous however to  
se p a r a te  th e  RNA from a s much o f  th e  ex tra n eo u s p r o te in  
as p o s s ib le  b e fo r e  in c u b a tio n  w ith  a l k a l i .  The procedure  
ad op ted  was th e r e fo r e  to  e x tr a c t  the dry powder, o b ta in ed  
a f t e r  e x tr a c t io n  o f  th e  l i p i d s ,  th r e e  tim es a t  100° f o r  
1 h r . w ith  a v o l .  o f  1 0 /  (w /v) NaCl e q u iv a le n t to  th a t o f  
th e  o r ig in a l  hom ogenate. This e x tr a c t io n  removed from the  
main b u lk  o f the t i s s u e ,  most o f  the RNA and DNA to g e th e r  
w ith  a sm a ll amount o f  p ro te in a ceo u s m a te r ia l.  The d i s ­
s o lv e d  RNA and DNA were then p r e c ip ita te d  by th e  a d d it io n  
o f 2 v o l .  o f  a b s o lu te  e th a n o l, th e  p r e c ip i ta t e  was washed 
w ith  e th a n o l and e th e r  and d r ie d . The dry w h ite  powder 
o b ta in ed  by t h i s  method was then  in cu b ated  w ith  0.3N-K0H 
a t  3 7 °  fo r  18 h r . ,  in  th e  p ro p o rtio n  o f 20 m g ./ra l., sub­
seq u en t proced ures b e in g  as d e sc r ib ed  b e fo r e .
2 .7 *  The Technique o f  Io n o p h o r e s is .
I n i t i a l  experim ents were c a r r ie d  out u s in g  s i l i c a  
g e l  a s th e  medium f o r  io n o p h o r e s is  as d escr ib ed  by Consden, 
Gordon and M artin (1 9 4 6 ) , but th e se  proved u n su c c e s s fu l.
The use o f  agar g e l  as d e sc r ib e d  by Gordon, K e i l ,  S e b e s ta ,  
K n essl and Sorm (1950) however was more s a t i s f a c t o r y .  By 
t h i s  means se p a r a t io n  o f a l l  fou r  r ib o s e  m ononucleotides  
was a c h ie v e d , th e ir  p o s i t io n s  b e in g  e s ta b l is h e d  by in s p e c t ­
in g  th e  su r fa c e  o f  the g e l  in  the r a d ia t io n s  from  an u l t r a - 
b i o l e t  lamp f i t t e d  w ith  a f i l t e r  as d e sc r ib ed  by H oliday
and Johnson (1 9 4 9 ) . E lu t io n  was n o t  a ttem p ted , but the  
areas o f  g e l  found to  c o n ta in  th e  n u c le o t id e s  were cut 
o u t and the e x c is e d  p o r tio n s  d is s o lv e d  in  w ater fo r  the  
d e te r m in a tio n  o f th e  u l t r a v io l e t  a b so rp tio n  sp e c tr a  o f  
th e  n u c le o t id e s .  The agar s o lu t io n  was then  d ig e s te d  
f o r  th e  d e te r m in a tio n  o f  phosphorus.
This m ethod, w h ile  m oderately  s a t i s f a c t o r y ,  was 
r a th e r  clum sy, and n ot r e a d ily  adapted to  the a n a ly s is  o f  
th e  sm a ll amounts o f th e  fo u r  n u c le o t id e s  which would be 
a v a i la b le .  I t  was th e r e fo r e  su persed ed  by th e  method o f  
io n o p h o r e s is  on f i l t e r  paper d e sc r ib e d  by Durrum (1950) 
f o r  amino a c id s .
The procedure was as fo l lo w s  
An a c c u r a te ly  measured volume o f  the m a ter ia l to  be a n a ly sed  
c o n ta in in g  about 80 ^ig. P was a p p lie d  in  a narrow band 
about 3*5 cm. wide 5 cm. from one end o f a s t r ip  o f  Whatman 
3 MM f i l t e r  paper 72 cm. by 7 cm. The a p p lic a t io n  was made 
from  an A gla m icrom eter s y r in g e , and by h o ld in g  the paper 
In a c u r re n t o f  warm a ir  i t  was n o t d i f f i c u l t  to  sp o t  up 
to  500^x1. (Care was n e c e ssa r y  th a t  to o  much h ea t was 
not used  s in c e  th is  r e s u lt e d  in  the spontaneous form ation  
o f  th e  iso m e r ic  n u c le o t id e s . )  The s t r ip  was then  m oisten ed  
w ith  0 .0 2 M -c itr ic  ac id /b r id od iu m  c i t r a t e  b u ffe r  a t  pH 3 .5  
ob ta in ed  by a f i f t y f o l d  d i lu t io n  of a m ixture of 3 p a r ts
o f  M -c itr ic  a c id  and 1 p art o f  M -trisodium  c i t r a t e  s o lu t io n s .  
The s t r i p  m s  th en  suspended over a g la s s  rod so  th a t  the  
two ends were immersed to  a depth o f  1 cm. in  two sep a ra te  
g la s s  d is h e s  c o n ta in in g  the same b u ffe r . The d ish e s  
used  were r e f r ig e r a t o r  d ish e s  and the volume o f  b u ffe r  in  
each  was 500 m l . ,  th r ee  s t r ip s  o f paper b eing  accommodated 
in  each  p a ir  o f v e s s e ls  ( F ig .8 ) .  Carbon e le c tr o d e s  
p la ced  in  ea ch  d is h  were connected  to  a source o f d ir e c t  
cu rren t so  th a t  th e  anode was in  th e  v e s s e l  fu r th e r  away 
from th e  sp o t on th e  pap er. The d ir e c t  cu rren t supply  
c o n s is t e d  o f  a f u l l  wave v a lv e  r e c t i f i e r  capable o f a 
smoothed ou tp u t o f  600V. a t  300 m a., w hich on sm a ll lo a d  
a c t u a l ly  d e l iv e r e d  about 800 V. The output was c o n tr o lle d  
by means o f  a V ariac tran sform er in  the inp ut s i d e ,  thus 
making a v a i la b le  a continu ous range o f  100 to  800 V.
Complete se p a r a tio n  o f  a d e n y lic  a c id , c y t id y l i c  
a c id ,  g u a n y lic  a c id  and u r id y l ic  a c id  was ob ta in ed  in  
amounts o f  th e  ord er  o f  200 t o  300 jxg* o f  each by running  
a t  a p o t e n t ia l  g r a d ie n t  o f  11 V ./cm . f o r  18 h r . , the cu rren t  
f lo w in g  b e in g  about 0 .5  to  1 .0  m a./cm . The apparatus was 
covered  during th e  run w ith  a g la s s  case  to  m inim ise  
e v a p o r a tio n , and a lth o u g h  i t  proved p o s s ib le  to  o b ta in  the  
same se p a r a t io n  in  a sh o r te r  time by In c r e a s in g  the v o lta g e  
a p p lie d , t h i s  procedure r e s u lt e d  in  h e a tin g  o f  th e  paper
F igu re  8* Io n o p h o resis  Apparatus show ing  
fo u r  papers s e t  up d u rin g  a run .
Figure 8 .
and in c r e a se d  ev a p o ra tio n  which gave r i s e  to  a r t i f a c t s .  
M oreover, w ater condensed on the ca se  and was l i a b l e  to  
d r ip  on to  th e  p a p ers.
Samples o f th e  fo u r  p u r i f ie d  r ib o s e  m on on u cleotid es  
were su p p lie d  by N u tr it io n a l  B io ch em ica ls  I n c . ,  g u a n y lic  
and c y t i d y l i c  a c id s  su p p lie d  by B .D .H ., and a d e n y lic  a c id  
made by E r n st. B is c h o f f  C o ., I n c . ,  were a l s o  u sed  in  the  
p re lim in a ry  e x p er im en ts .
2 -8 .  L o ca tio n  o f the R ib o n u c le o t id e s .
On co m p letio n  o f th e  run , the papers were d r ie d  by 
su sp en d in g  them in  the r a d ia t io n s  from  a p a ir  o f  250 W«
125 V. in d u s t r ia l  in fr a -r e d  lamps connected  in  s e r i e s .
The bands were lo c a te d  by in s p e c t in g  the papers in  u l t r a ­
v i o l e t  l i g h t  by th e  procedure o f H oliday and Johnson (1 9 4 9 ) ,  
and were then  marked l i g h t l y  in  p e n c i l .  Vl/hen a permanent 
record  was d e s ir e d ,  a photograph was made by the method o f  
Markham and Sm ith (1 9 4 9 b ).
2*8 . The E lu t io n  and I d e n t i f i c a t io n  o f  the S p o ts .
The bands lo c a te d  in  the u l t r a v i o l e t  l i g h t  were 
c u t out and e lu te d  by th e  method o f  Consden, Gordon and 
M artin (1947) in to  graduated pyrex tu b es in  th e  apparatus  
shown in  F i g . 9 . The volume o f  the e lu a te  was a d ju ste d  t o  
5 m l. w ith  d i s t i l l e d  w a te r , s u f f i c i e n t  5N-HC1 h av in g  been  
added t o  g iv e  a f i n a l  c o n c e n tr a t io n  o f  0 .1N . The u l t r a -
F igu re  9 . E lu t io n  Apparatus show ing a s e r i e s  
o f  paper s t r ip s  b e in g  e lu te d  in to  
graduated  p yrex  tu b es -
VF igu re 9,
E l u t i o n  A p p a r a t u s .
v i o l e t  a b so rp tio n  spectrum  o f  each  e lu a te  was determ ined  
on th e  Beckman Model DU S p ectrop hotom eter or a Unicam  
SP 500 q u artz  sp ec tro p h o to m eter , but owing to  th e  h ig h  
b lan k  from the pap er, o n ly  the maxima cou ld  be e s t a b l i s h e d .  
I d e n t i f i c a t io n  was c a r r ie d  out f i r s t l y  from the p o s i t io n s  
o f  th e  bands, and se co n d ly  by r e la t in g  th e  u l t r a v i o l e t  
a b so rp tio n  sp e c tr a  of th e  e lu a te s  t o  th o se  o f  the fo u r  
n u c le o t id e s  a t  the same pH ( F ig .1 0 ) .
As a fu r th e r  check  on th e  id e n t i t y  o f the n u c le o ­
t id e s  in  the e a r ly  e x p er im en ts , sam ples of th e  e lu a t e s  
were h y d ro ly sed  w ith  HCIO  ^ a cco rd in g  to  th e  method o f  
Marshak and V ogel (1950$ , th e  b a ses  sep a ra ted  by the paper 
chrom atographic procedure o f  Wyatt (1 9 5 1 ) , and su b seq u en tly  
c h a r a c te r is e d  by t h e ir  u l t r a v io l e t  a b so rp tio n  s p e c tr a . In  
every  c a se  o n ly  th e  ap p rop ria te  base was p resen t*  These 
s e p a r a t io n s  and d e ter m in a tio n s  have been k in d ly  c a r r ie d  
o u t by Dr. G. G rosbie o f  t h i s  departm ent.
A fte r  i d e n t i f i c a t i o n ,  th e  q u a n tity  o f n u c le o t id e  
p r e se n t in  each e lu a t e  was determ ined  by P e s t im a t io n .
2 .1 0 .  The P u r if ic a t io n  o f  R ib o n u c le ic  A c id s .
a . A sam ple o f  com m ercial y e a s t  RNA made by B .D .H ., 
was p u r if ie d  by d i s s o lv in g  in  a minimum o f  d i l u t e  a l k a l i  
and rep ea ted  p r e c ip i t a t io n  w ith  10 v o l .  o f g l a c i a l  a c e t ic  
a c id . The f i n a l  p r e c ip i t a t e  was washed f r e e  o f  a c e t ic  
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b . Samples o f  ra b b it and r a t  l i v e r  RNA and RNA 
i s o la t e d  from the c y to p la sm ic  f r a c t io n s  were prepared by 
the method o f D avidson , F razer and H utch ison  (1 9 5 1 ) ,  
tr a c e s  o f  g ly co g en  b e in g  removed by in c u b a tio n  w ith  s a l i ­
vary am ylase im m ed iately  p r io r  to  d e p r o te in is in g .
The h y d r o ly s is  o f th e se  p u r if ie d  m a te r ia ls  b e fo re  
io n o p h o r es is  was c a r r ie d  out by in c u b a tin g  w ith  0.3N-K0H 
a t  3 7° fo r  18 h r . ,  in  the p ro p o rtio n  o f  1 ml* a l k a l i  per  
5 .to 10 mg. o f RNA. A c id i f i c a t io n  was c a r r ie d  o u t as 
w ith  t i s s u e  d i g e s t s .
2 .1 1 .  The E stim a tio n  of P hosphorus.
D eterm in a tio n  o f phosphorus was c a r r ie d  out by a 
m o d if ic a t io n  o f th e  method o f A lle n  (1 9 4 0 ). When n e c e ssa r y  
th e  s e n s i t i v i t y  o f th e  method (norm ally  20 to  200 yag*) 
cou ld  be in c r e a se d  by w orking on a h a l f  or f i f t h  s c a l e ,  the  
l a t t e r  b e in g  u sed  f o r  d e ter m in a tio n  o f  phosphorus i n  th e  
e lu a te s  from io n o p h o r e s is .
R e a g e n ts :-
a* IO N -sulphuric a c id .
b . 100 v o l .  hydrogen p erox id e  (M .A.R.)
c .  8 . 3 /  (w /v) ammonium m olybdate s o lu t io n .
d . 2 0 /  (w /v) sodium  m e ta b is u lp h ite .
e .  A m idol, 1 /  (w /v) in  d .
Procedure
The sam ple (c o n ta in in g  betw een 20 and 200 u g . P)
in  w hich P was to  be e s t im a te d  was p ip e t te d  in t o  a 30 m l. 
m ie r o k je ld h a l f l a s k ,  fo llo w e d  by a g la s s  b a l l  and 1 .2  m l. 
o f  10N-H SO . The c o n te n ts  were th en  d ig e s te d  on a gasCt ft
or e l e c t r i c  d ig e s t io n  rack w ith  the a id  o f a few drops o f  
100 v o l .  HgO • When d ig e s t io n  was co m p lete , th e  f l a s k  was 
a llo w ed  to  c o o l and 2 1 .3 5  m l. o f d i s t i l l e d  w ater were added 
fo llo w e d  by 1 m l. o f 8 . 3 /  (w /v) ammonium m olybdate and 
2 ml* o f  a f r e s h ly  prepared  1 /  (w /v) s o lu t io n  o f  am idol in
20/  (w /v) sodium m e ta b isu lp h ite  g iv in g  a f i n a l  v o l .  o f
)
25 m l. A fte r  sh a k in g , the in t e n s i t y  o f  th e  b lu e  c o lo u r  
was measured between 10 and 30 m in. a f t e r  the a d d it io n  o f  
th e  r e a g e n ts ,  on a H ilg e r  spekker a b so rp tio m eter  f i t t e d  
w ith  I l f o r d  red n o . 608 f i l t e r s .  The reagent blank was 
th en  su b tr a c te d , and the phosphorus c o n ten t o b ta in ed  from  
stan d ard  t a b le s .  These ta b le s  were c o n str u c te d  from the  
r ea d in g s o b ta in ed  u s in g  v a ry in g  amounts o f a s to c k  s o lu t io n  
o f  in o r g a n ic  P c o n ta in in g  2 0 ^ ig .P /m l.
2 .1 2 .  The A ssay o f  R a d io a c t iv it y .
For the d e ter m in a tio n  o f  r a d io a c t iv i t y ,  p o r tio n s  
o f  th e  s o lu t io n s  were p ip e t te d  in to  a l iq u id  co u n ter  
(Type M 6 , m anufactured by 20 th  Century E le c tr o n ic s )  
a tta c h e d  to  a c o n v e n tio n a l probe u n it  and s c a l in g  u n it  
(Type 200 , m anufactured by Dynatron Radio L t d .) .  A l l  
s p e c i f i c  a c t i v i t i e s  were c a lc u la t e d  as cou n ts/m in ./lO O  ug. P
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c o r r e c t io n s  b e in g  a p p lie d  fo r  s l i g h t  v a r ia t io n s  in  e f f i c i e n c y  
between th e  co u n ters  u se d , and a ls o  fo r  d ecay  o f  the  
back to  the tim e o f  in j e c t io n .
2•13 . A u torad iograp h s.
A utoradiographs o f  th e  s t r ip s  o f  f i l t e r  paper a f t e r  
io n o p h o r e s is  o f r a d io a c t iv e  m a te r ia ls  were made u s in g  
Kodak In d u strex  Type D X -ray f i lm .  The procedure was as 
f o l l o w s :-
The u l t r a v i o l e t  ab sorb in g  a rea s on th e  papers were
l i g h t l y  o u t l in e d  in  p e n c i l ,  and a s t r i p  o f X -ray f i lm
p la c ed  on top  o f the paper so as to cover  a l l  th e se  a r e a s .
The two were th en  s ta p le d  to g e th e r ,  and heavy p e n c i l  marks 
made on the f i l t e r  paper a t  b o th  ends o f  the s t r i p  o f  f i lm .  
The paper and f i lm  were then sandw iched t i g h t l y  betw een  
two s h e e ts  o f  hardboard which were clamped to g e th e r . The 
w hole was then wrapped in  l ig h tp r o o f  p ap er, and p la ced  in  
a drawer w e l l  c le a r  o f  any r a d io a c t iv e  m a te r ia l .  A fte r  
14 d a y s 1 ex p o su re , th e  f i lm  was sep a ra ted  from  the f i l t e r  
p ap er , d eve lop ed  f o r  about 15 min. in  I l f o r d  ID 19 
d e v e lo p e r , washed In w a ter , and f ix e d  n orm ally . At th e  
same tim e u l t r a v i o l e t  photographs o f th e  f i l t e r  papers were
made by th e  method o f Markham and Sm ith (1 9 4 9 b ).
2 .1 4 •  The S ep a ra tio n  o f  very  sm a ll Q u a n tit ie s  o f  O rganic 
and In organ ic  P hosp hate.
The p r e c ip i t a t io n  o f  in o r g a n ic  P as Mg(NH )P0 i s
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not c o n v e n ien t when amounts o f  b o th  are very  sm a ll . The 
method u sed  on such  o c c a s io n s  has th e r e fo r e  been as f o l lo w s  
The volume of s o lu t io n  was u s u a l ly  3 to  4 m l. ; 0 .2 4  m l. o f
lON-HgSO^ was added as in  the m ic r o -m o d if ic a t io n  o f  th e  
A lle n  p roced u re; t h i s  was im m ediately  fo llo w e d  w ith  0 .2  m l. 
o f 8 . 3 /  (w /v) am idol in  2 0 /  (w /v) sodium m e ta b isu lp h ite  
s o lu t io n  w ith ou t any d ig e s t io n .  Any b lu e co lo u r  which  
d ev e lo p ed  was th en  due to  in o rg a n ic  p h osp h ate . The t o t a l  
volume was a d ju s te d  to  5 m l. w ith  d i s t i l l e d  w a te r , and the 
in t e n s i t y  o f the c o lo u r  m easured. The s o lu t io n  was then  
e x tr a c te d  w ith  iso b u ta n o l w hich removed th e  b lu e phospho- 
m olybdate com plex. The iso b u ta n o l e x tr a c t  and aqueous 
la y e r s  then  c o n ta in e d  the in o r g a n ic  and organ ic  phosphate  
components r e s p e c t i v e l y ,  and cou ld  be u sed  fo r  r a d io a c t iv i t y  
d e te r m in a t io n s . E stim a tio n  o f  th e  organ ic  phosphate was 
c a r r ie d  out by d e ter m in a tio n  o f the t o t a l  phosphate i n  an 
a l iq u o t  o f  th e  o r ig in a l  and c a lc u la t in g  the organ ic  p art  
by d i f f e r e n c e .
PART I I I  -  RESULTS.
3 .1  The S ep a ra tio n  o f  the Pure N u c le o t id e s .
The se p a r a t io n  o f  the fo u r  pure r ib o se  m ononucleo­
t id e s  o b ta in ed  by io n o p h o r e s is  on f i l t e r  paper i s  i l l u s t r a t e d  
in  P i g . 11. In order to  dem onstrate th e  s e p a r a t io n , a wide 
s t r i p  o f paper was u se d , the fo u r  pure n u c le o t id e s  b e in g  
a p p lie d  s in g ly  and in  a m ixture a t  in t e r v a ls  a lon g  th e  s t a r t ­
in g  l i n e .  The paper was then  su b je c te d  to  io n o p h o r e s is  in  
the norm al manner, and a f t e r  d ry in g  was photographed in  
u l t r a v i o l e t  l i g h t  by the method o f  Markham and Sm ith  
(1 9 4 9 b ). The sp o ts  in  order from l e f t  to  r ig h t  are  
c y t i d y l i c , a d e n y l ic ,  g u a n y lic  and u r id y l ic  a c id s  and f i n a l l y  
a m ixture o f a l l  fo u r . Prom the photograph i t  i s  obviou s  
th a t  an adequate se p a r a t io n  can be a ch iev ed  by t h i s  m ethod, 
and t h a t  the n u c le o t id e s  sep a ra te  in  th e  order u r i d y l i c ,  
g u a n y lic , a d e n y lic  and c y t i d y l i c  a c id s  in  d e c r e a s in g  order  
o f  m o b i l i t y .
The se p a r a t io n  o b ta in ed  a t  pH 3 .5  a g rees w e l l  w ith  
the v a lu e s  fo r  n e t  charge p er  m olecu le  o f  r ib o n u c le o t id e  
as a fu n c t io n  o f  pH c a lc u la te d  by Cohn (1950) from th e  
d ata  o f  Levene and Bass (1 9 3 1 ) , a lth o u g h  i t  was found in  
p r a c t ic e  th a t  a l l  fo u r  n u c le o t id e s  moved more r a p id ly  in  th e  
d ir e c t io n  o f  the anode than m ight be ex p ected  from  such con­
s id e r a t io n s .  T his anomaly may be e x p la in e d  a t  l e a s t  In  
p art by th e  v ery  s tr o n g  endosm otic flow  w hich takes p la c e
F ig u re  1 1 . The s e p a r a t io n  o f th e  pure n u c le o ­
t id e s  by io n o p h o r e s is . The n u c le o ­
t id e s  were a p p lie d  s in g ly  and a s a  
m ixture a t  in t e r v a l s  a lo n g  th e  s t a r t ­
in g  l i n e  and su b je c te d  t o  io n o p h o r e s is  
in  the norm al fa sh io n *
F i g u r e  II .
STARTING LINE
CYTIDYLIC ACID
A D IH Y L IC  ACIO
GUANYLIC A C ID
U ft lO Y L IC  ACIO
in  th e  d ir e c t io n  o f  the anode, and w hich  may be measured by 
running under id e n t i c a l  c o n d it io n s ,  a se p a r a te  s t r i p  o f  
paper to  -which a sp o t o f  an u n - io n is e d  m a tera l such  as 
g lu c o se  had been a p p lie d  a t  the s t a r t in g  p o in t .  The paper  
was d r ie d  in  th e  normal manner a f t e r  runn ing , and the  
p o s i t io n  o f  the g lu c o se  determ ined  by sp ra y in g  th e  paper  
w ith  one o f  the c o n v e n tio n a l rea g en ts  f o r  i t s  d e t e c t io n  , 
su ch  as a n i l in e  hydrogen p h th a la te  (P a r tr id g e , 1 9 4 9 ) . By 
t h i s  m eans, i t  was found th a t  th e  g lu c o se  sp o t  was lo c a te d  
im m ed iately  behind c y t i d y l i c  a c id ,  i . e . ,  n ea rer  to  th e  
s t a r t in g  p o in t .  Some o f  the f a c to r s  which must be con­
s id e r e d  in  c o n n ec tio n  w ith  io n o p h o r e s is  on paper have been  
d e a l t  w ith  by Durrum (1 9 5 1 ).
3 .2  The R ecovery o f  th e  N u c le o tid e s  a f t e r  Io n o p h o r e s is .
The r e s u l t s  shown in  Table 3 i l l u s t r a t e  exp erim en ts  
in  which th e  r e c o v e r ie s  o f  th e  pure n u c le o t id e s  were d e ­
term ined  a f t e r  b e in g  run s in g ly .  The phosphorus co n ten t  
o f  the n u c le o t id e  s o lu t io n s  was d eterm in ed , and an a c c u r a te ­
ly  m easured volume o f  each  was th en  a p p lie d  to  se p a r a te  
p a p ers. On co m p letio n  o f  th e  run, the papers were d r ie d ,  
the sp o ts  lo c a te d ,  cu t ou t and e lu te d  by th e  u su a l m ethods. 
The phosphorus c o n ten t o f  each e lu a te  was then  d eterm in ed , 
and i t  w i l l  be se e n  from th e  ta b le  th a t th e  r e c o v e r ie s  
o b ta in ed  were q u ite  ad eq u ate .
Table 3■
The R ecovery o f  Pure N u c le o tid e s  when a p p lie d  to  
Paper s i n g ly ,  run and e lu te d .
N u c le o tid e  ug. P a p p lie d  jog. P reco v ered  P ercen tage
R ecovery
1 . C y t id y lic  A cid  2 5 .0  2 4 .6  98*5
2 . it tt 1 9 .2 1 9 .0 9 9 -0
3 . if it 2 5 .4 2 4 .1 9 5 .5
1 . A d en y lic  A cid 2 0 .7 2 0 .0 9 7 .0
2 . it tt 2 0 .6 2 0 .1 9 7 .5
3 . tt tt 2 0 .7 1 9 .8 9 6 .0
1 . G uanylic A cid* 1 9 .6 1 9 .0 9 7 .0
2 . it tt 1 9 .6 1 9 .2 9 8 .0
3 . « it -Ji- 1 0 .0 9 .4 9 4 .0
1 . U r id y l ic  A cid 2 4 .7 2 3 .7 9 6 .5
2 . tt tt 2 3 .2 2 2 .8 9 8 .5
3 . tt tt 2 3 .3 2 3 .7 1 0 1 .0
* P r e v io u s ly  p u r i f ie d  by io n o p h o r e s is .
In Table 4 the above procedure was r e p ea ted  on 
papers to  w hich a c c u r a te ly  measured amounts o f  a l l  fo u r  
n u c le o t id e s  had been a p p lie d . Once a g a in  th e  r e c o v e r ie s  
proved to  be s a t i s f a c t o r y -
The g u a n y lic  a c id  u sed  in  b o th  s e t s  o f experim en ts  
was contam inated  w ith  sm all amounts o f a d e n y lic  a c id  and 
f r e e  g u a n in e , and was th e r e fo r e  su b je c te d  to  p u r i f i c a t io n  
by io n o p h o r e s is  b e fo r e  u s e .
As a ch eck  th a t  the phosphorus d e term in a tio n  was a 
v a l id  method o f e s t im a t in g  th e  n u c le o t id e s ,  an experim ent 
was c a r r ie d  out in  which the pure n u c le o t id e s  were d e ­
term ined  by phosphorus e s t im a t io n , and by the u l t r a v i o l e t  
a b so rp tio n  o f  th e" b ases o b ta in ed  from them a f t e r  d ig e s t io n  
and chrom atography. One p o r tio n  o f  the s o lu t io n  was u sed  
f o r  phosphorus e s t im a t io n , from  w hich th e  amount o f  n u c le o ­
t id e  p r e se n t was c a lc u la t e d :  a secon d  p o r t io n  was evap orated
bo d r y n e s s , d ig e s te d  w ith  HCIO^, the b ases se p a r a ted  by 
chrom atography, and determ ined by u l t r a v io l e t  a b so rp tio n  
m easurem ents. I t  w i l l  be observed  from  Table 5 th a t  the  
amounts o f  n u c le o t id e s  determ ined by th e s e  two m ethods 
are in  agreem ent.
3 .3  The Comparison o f  A n a ly s is  o f  a N u c le o tid e  M ixture
by Io n o p h o resis  and by Chromatography.
One fu r th e r  check on the v a l id i t y  o f th e  io n o ­
p h o r e tic  procedure i s  i l l u s t r a t e d  b y  th e  r e s u l t s  in  T able 6
T able 4 .
The R ecovery o f Pure N u c le o tid e s  when a p p lie d  to  
Paper as a m ix tu r e , run and e lu t e d .
N u c le o tid e  n g . P a p p lie d  n g . P. reco v ered  P ercen ta g e
' R ecovery
1 . C y t id y l ic  A cid  1 9 .2  1 8 .3  9 5 .0
2 . it tt 2 5 .0 2 4 .6 9 8 .0
3 . tt tt 2 5 .4 2 5 .0 9 8 .0
1 . A d en y lic  A cid 2 0 .6 1 9 .4 9 4 .5
2 . ti tt 2 0 .7 1 9 .6 9 4 .5
3 . it it 2 0 .7 1 9 .7 9 5 .0
1 . G uanylic A cid* 1 0 .0 1 0 .2 10®. 0
2 . tt tt 1 0 .0 9 .9 9 9 .0
3 . tt it a- 1 0 .0 9 .8 9 8 .0
1 . U r id y l ic  A cid 2 3 .2 2 2 .0 9 5 .0
2 . it tt 2 4 .7 2 5 .4 1 0 2 .0
3 . tt it 2 3 .3 2 1 .8 9 3 .5
* P r e v io u s ly  p u r i f ie d  by io n o p h o r e s is .
Table 5 .
Comparison o f  th e  e s t im a t io n  o f  the pure n u c le o t id e s  
(a ) by phosphorus e s t im a t io n , and (b) by d e te r m in a tio n  o f  
th e  base l ib e r a t e d  by p e r c h lo r ic  a c id  d ig e s t io n  and 
se p a r a ted  by th e  paper chrom atographic method o f  Wyatt 
(1 9 5 1 ) .
N u c le o tid e  C on cn ./m l. o f  n u cleo
t id e  c a lc u la t e d  from  
F
mg.
C y t id y l ic  A cid  10-4
A d en y lic  A cid  9 .6  9 .3
G uanylic A cid  1 .9  1 .9
C on cn ./m l. o f  n u c le o ­
t id e  c a lc u la te d  from  
th e  u l t r a v i o l e t  ab­
s o r p t io n  o f th e  base  
mg*
9 .8
U r id y lic  A cid 9 .9 9 .4
Table 6*
A n a ly s is  o f  a  m ixture o f  pure n u c le o t id e s  (a ) by io n o -  
p h o r e s is  and (b) by chromatography o f  the b a ses  d e r iv e d  
from  the n u c le o t id e s  by HCIO  ^ h y d r o ly s is  and se p a r a te d  
by th e  method o f  Wyatt (1951) . The r e s u l t s  are ex p r essed  
a s  m olar r a t io s  r e l a t iv e  to  a d e n y lic  a c id  as 1 0 .
N u c le o tid e  Ionophores i s  C hr o m tograp h y  <
Gy t id y  l i e  A cid  10*8 10*8
A d en y lic  A c id  1 0 .0  10*0
Guanyl i c  Ac id'*' 9*0 9 *5
U r id y lic  A cid  1 3 .4  12*3
* A c o r r e c t io n  has been a p p lie d  f o r  ap p rox im ate ly  
4 $  f r e e  guan ine p r e se n t  in  the sam ple o f  g u a n y lio  
a c id  u sed .
in  which com parison i s  made betw een th e  a n a ly s is  o f  a 
m ixture o f  n u c le o t id e s  by io n o p h o r e s is  o f  th e  n u c le o t id e s  
and chromatography o f  the b a ses  d e r iv e d  from  them . I t  
w i l l  be n o t ic e d  th a t there i s  in  g en era l good agreem ent 
e x ce p t in  th e  case  o f  u r id y l i c  a c id ,  where i t  was in v a r ia b ly  
found th a t  the f ig u r e  o b ta in ed  by io n o p h o r e s is  was s l i g h t l y  
h ig h e r  than th a t found by chrom atography. F urth er  e x p e r i ­
ments c a r r ie d  ou t w ith  pure u r id y l ic  a c id  a lo n e  r e v e a le d  
th a t  th e  u r id y l i c  a c id  e stim a te d  b oth  by phosphorus and 
u l t r a v i o l e t  m easurements from  e lu a te s  o f an io n o p h o r e tic  
run were in  agreem ent, and t a l l i e d  w ith  the c o n c e n tr a t io n  
by w eigh t o f  u r id y l i c  a c id  in  th e  o r ig in a l  s o lu t io n .  I t  
would appear th e r e fo r e  th a t the c o r r e c t  f ig u r e  in  Table 6 
i s  th a t  o b ta in ed  by io n o p h o r e s is , and th a t  th e  v a lu e  ob­
ta in e d  by the chrom atographic procedure i s  low .
3 .4  The E f f e c t  o f A lk a lin e  In cu b ation  on th e  N u c le o t id e s .
M arrian, S p ic e r , B a lis  and Brown (1951) have shown 
th a t  when c y t i d y l i c  a c id  i s  in cu b ated  in  N -a lk a l i  a t  37°  
fo r  18 h r . , p a r t ia l  deam ination  occu rs w ith  the form ation  
o f  u r id y l ic  a c id .  These au th ors su g g e s t  the use o f  e i t h e r  
0 .3 N -a lk a l i  a t  37° or N - a lk a l i  a t  room tem p ., in  w hich con ­
d i t io n s  th e y  s t a t e  th a t  no deam ination  ta k es p la c e .  T h is  
o b ser v a tio n  has been confirm ed  by ta k in g  p o r tio n s  o f  
c y t i d y l i c  a c id  w hich had been  in cu b ated  fo r  18 h r . ,  in  
N-KOH a t  37° and 25° and in  0.3N-K0H a t  3 7 ° , and su b m ittin g
them to  io n o p h o r e s is . Only a f t e r  in c u b a tio n  in  N-KOH 
a t  37° was any d e te c ta b le  amount o f  u r id y l ic  a c id  produ ced , 
th e  q u a n tity  in v o lv e d  b e in g  about 10$ o f th e  o r ig in a l  
c y t i d y l i c  a c id .
A m ixture o f  a l l  fo u r  n u c le o t id e s  was th en  d iv id e d  
in to  fo u r  p a r t s ,  one o f  which was m ain ta in ed  a s a c o n tr o l  
w h ile  th e  o th e rs  were in cu b ated  in  N-KOH a t  37° and a t  
25° and in  0 .3 N-KOH a t  37° r e s p e c t iv e ly .  The pH o f  each  
f r a c t io n  was then a d ju ste d  to  4 w ith  60$ HGIO^, the p r e ­
c i p i t a t e  o f  KCIO  ^ c e n tr ifu g e d  o u t , and p o r tio n s  o f  th e  
su p ern a ta n ts  ajoplied  to  th e  papers in  th e  u su a l way. The 
r e s u l t s  o f t h is  experim en t are i l l u s t r a t e d  in  Table 7 
which shows th a t  o n ly  c y t i d y l i c  a c id  i s  a f f e c t e d  by th e  
v a r ia t io n s  in  c o n d it io n s , and th a t i t  i s  n o t deam inated by 
in c u b a tio n  in  0.3N-K0H a t  37° a lth o u g h  th e r e  i s  a p p r e c ia b le  
deam ination  in  N-KOH a t  3 7 ° , w ith  a r e s u lta n t  in c r e a s e  in  
u r id y l ic  a c id .
^ •5 The H y d ro ly s is  o f RNA by Q.5N-K0H•
The e x te n t  o f  l ib e r a t io n  o f a c id - s o lu b le  ph osp hates  
from RNA by in c u b a tio n  in  0.3N-K0H a t  37° f o r  18 h r . i s  
i l l u s t r a t e d  in  Table 8 from w hich i t  i s  c le a r  th a t  th e  
phosphorus o f  th e  RNA i s  l ib e r a t e d  q u a n t i t a t iv e ly  in  th e  
form o f  a c id - s o lu b le  p h o sp h a tes . The f a c t  th a t  o n ly  about 
97$ o f th e  RNAP i s  reeovered  in  the a c id  su p ern atan t i s
Table 17»
Comparison o f  the a n a ly s is  o f  a m ixture o f  pure n u c le o ­
t id e s  by io n o p h o r e s is  b e fo re  and a f t e r  in c u b a tio n  f o r  18 
h r . in  v a r io u s  s tr e n g th s  o f a l k a l i  a t  d i f f e r e n t  tem pera­
tu r e s .  The r e s u l t s  are ex p ressed  as molar r a t i o s  ta k in g  
a d e n y lic  a c id  as 1 0 .
N u c le o tid e U nincubated 0.3N-K0H 
a t  37°
N-KOH 
a t  25°
N-KOH 
a t  3 7 ° .
C y t id y l ic  A cid 1 1 .0 1 0 .8 1 0 .3 9 .9
A d en y lic  A cid 1 0 .0 1 0 .0 1 0 .0 1 0 .0
Gruanylic A cid 9 .1 9 .0 9 .0 9 .4
U r id y l ic  A cid 1 3 .1 1 3 .4 1 3 .0 1 5 .0
P ercen ta g e  P 
R ecovered 9 8 .0 9 8 .5 1 0 0 .0 9 2 .0
T able 8 .
L ib e r a t io n  o f  a c id  s o lu b le  phosphates from a specim en  
o f  y e a s t  RNA by a lk a l in e  h y d r o ly se s  fo llo w e d  by a c i d i f i c a  
t io n -  In each  c a se  3 7 .5  mg. RNA was in cu b a ted  w ith  5 ml
0.3H KOH a t  3 7 °  fo r  18 h r .
P c o n te n t  o f  th e  P co n ten t o f th e  P ercen tage
a lk a l in e  d ig e s t  a c id  su p ern a ta n t reco v ery
in  ^ig. in  jig.
1 . 3150 3070 9 7 .5
2 . 3128 3025 9 6 .7
3 .  3143 3035 9 6 .6
a lm ost c e r ta in ly  due to  sm a ll l o s s e s  in cu rred  in  the p ro ­
c e s s  o f  a c id i f y in g ,  rem oving p r e c ip it a t e d  KCIO^, and 
w ashing th e  p r e c ip i t a t e .
3• 6 The A n a ly s is  o f Specim ens o f  P u r if ie d  RNA..
The tech n iq u e  o f  io n o p h o r e s is  was a p p lie d  to  the  
a n a ly s is  o f  the r ib o n u c le o t id e s  ob ta in ed  by th e  d ig e s t io n  
o f  s e v e r a l  sam ples o f  p u r i f ie d  RNA from  y e a s t ,  r a b b it  and 
r a t  l i v e r .  The se p a r a t io n  o f  n u c le o t id e s  a c h iev e d  from  
h y d r o ly sa te s  o f  a sam ple o f  y e a s t  RNA i s  i l l u s t r a t e d  in  
P i g . 12 from  w hich  i t  i s  c le a r  th a t  s e p a r a t io n s  comparable 
w ith  th o se  a c h iev e d  w ith  m ix tu res o f  th e  pure m a te r ia ls  
are  a l s o  o b ta in ed  w ith  th e  RNA h y d r o ly s a te s . The r e s u l t s  
o f th e  a n a ly se s  o f a number o f  d i f f e r e n t  sam ples o f  RNA 
by io n o p h o r e s is  o f  th e  n u c le o t id e s  and chromatography o f  
the b ases are shown in  Table 9 in  which the r e s u l t s  are  
e x p ressed  as m olar r a t io s  r e l a t iv e  to  a d e n y lic  a c id  as 10 . 
Agreement between th e  two methods i s  c lo s e ,  w ith  the e x ­
c e p tio n  o f the u r id y l ic  a c id .  The d iscr ep a n c y  in  t h i s  
c a se  i s  c o n s id e r a b ly  la r g e r  than in  th e  m ixture o f n u c le o ­
t id e s  (Table 6 ) ,  but Dr. G-. C rosb ie  o f  t h i s  departm ent has 
confirm ed th e  io n o p h o r e tic  v a lu e s  by u l t r a v i o l e t  d eterm in a­
t io n s  on e lu a te s  from io n o p h o r e tic  runs o f the specim en o f  
y e a s t  RNA•
One o th e r  a s p e c t  o f  Table 9 w hich d eserv es  c o n sid er a  
t io n  i s  th e  reco v ery  o f  n u c le o t id e  P which i s  about 93^.
F ig u re  12* U l t r a v io le t  photograph o f  th e
s e p a r a t io n  by io n o p h o r e s is  o f  th e  
fo u r  n u c le o t id e s  from a h y d r o ly sa te  





T able 9 .
The a n a ly s is  o f s e v e r a l  sam ples o f RNA by io n o p h o r e s is  o f  
th e  n u c le o t id e s  and chromatography o f th e  b a s e s . The 
r e s u l t s  are  e x p r e sse d  as molar r a t io s  r e l a t iv e  to  a d e n y lic  
ac id  as 10.
N u c le o tid e Y ea st RNA R abbit L iv er  RNA Rat L iv er  RNA
P estm . Base P estm . Base P estm . Base
C y t id y l ic  A cid 8 .8 8 .1 1 3 .9 1 4 .3 1 4 .5 1 3 .9
A d en y lic  A cid 1 0 .0 1 0 .0 1 0 .0 1 0 .0 1 0 .0 1 0 .0
G uanylic A cid 1 2 .4 1 1 .5 1 8 .8 1 6 .9 1 7 .6 1 7 .5
U r id y lic  A cid 1 0 .4 7 .9 1 0 .9 7 .1 10 * 1 8 .1
P ercen tage
R ecovery 9 3 .7 9 2 .0 9 3 .8
T his m ight be due e i t h e r  to  th e  p resen ce  in  the RNA o r ig in ­
a l l y  o f  a sm a ll amount o f n o n -n u c le o tid e  P, or to  lo s s  o f  
P from  th e n u c le o t id e s  during h y d r o ly s is .  Prom th e r e s u l t s  
in  Table 7 i t  would appear th a t  th e  form er e x p la n a tio n  i s  
th e  more l i k e l y  as th e re  i s  no ev id en ce  o f  l o s s  o f P from  
the n u c le o t id e s  in  t h i s  c a s e .
3 .7  The Ion op h oresis  o f  the AqS F r a c t io n  o f Rat L iv e r .
The method o f  io n o p h o r e s is  h av in g  proved s a t i s ­
fa c to r y  when d e a lin g  w ith  pure n u c le o t id e s  and h y d r o ly sa te s  
o f sam ples o f  p u r if ie d  RNA from v a r io u s  s o u r c e s ,  the n e x t  
s te p  was i t s  a p p lic a t io n  to  the a n a ly s is  o f th e  ra th er  
l e s s  pure AgS f r a c t io n s  o b ta in ed  by th e  m o d ified  Schm idt & 
Thannhauser (1945) procedure 2 . When t h i s  was done, i t  
was found th a t  se p a r a t io n s  comparable w ith  th o se  ob ta in ed  
w ith  th e  p u r if ie d  m a te r ia ls  were o b ta in ed  when the same con­
d i t io n s  were em ployed. An u l t r a v io l e t  photograph o f  a 
s t r i p  o f  f i l t e r  paper on w hich such a s e p a r a t io n  had been  
c a r r ie d  out i s  shown in  P i g . 13 where i t  w i l l  be s e e n  th a t  
th e  n u c le o t id e s  have been a d eq u a te ly  se p a r a te d . I t  was 
found however th a t  I f  the le n g th  o f  the run was c u r t a i le d ,  
an e x tr a  com ponent, w hich showed o n ly  f a i n t l y  in  the u l t r a ­
v i o l e t  photograph, was a p p a ren t, p reced in g  u r id y l ic  a c id .
In order to  dem onstrate th e  p resen ce  o f t h i s  a d d it io n a l  
component w hich we have c a l l e d  UAU, a sh o r t run on a 57 cm. 
paper s t r ip  a t  14 V ./cm . f o r  6 hr* s u f f ic e d ,  a lth ou gh  t h i s
F igu re  13 . U l t r a v io le t  photograph o f  th e
s e p a r a t io n  o f  th e  fo u r  n u c le o t id e s  
from a r a t  l i v e r  A^S f r a c t io n  
(Long run) •
F igu re  13.
C Y tlPH lC  ACIt
AtC tY ltC  ACIt
CUAHYlIC ACIt
OtIDYUC ACIt
was in ad eq u ate  fo r  the com plete se p a r a t io n  o f  the n u c le o ­
t i d e s .  F i g . 14 i s  an u l t r a v i o l e t  photograph o f such a 
s t r i p  o f p ap er, and ,!A,f Is  the f a i n t  s l i g h t l y  c r e sc e n t-sh a p e d  
a rea  p reced in g  u r id y l ic  a c id .  In th e  normal procedure fo r  
th e  se p a r a t io n  o f  the n u c le o t id e s  on a lo n g er  p ap er, th is  
f a s t  moving component was run o f f  the paper in to  th e  b u ffe r  
in  th e  anode compartment. For each AgS th e r e fo r e  two 
runs were u s u a l ly  em ployed, — a sh o rt run fo r  th e  sep a ra ­
t io n  o f the f a s t  moving component tfA” (F ig . 1 4 ) , and a lo n g  
run fo r  the s e p a r a t io n  o f  the n u c le o t id e s  ( F ig .1 3 ) .  The 
component nA,f was found to  be p r e se n t both  in  s o lu t io n s  
o b ta in ed  by a c id i f y in g  the a lk a l in e  d ig e s t  w ith  HCIO^, and 
in  s o lu t io n s  o b ta in ed  by a c id i f i c a t i o n  o f  the d ig e s t  w ith  
TCA and su bseq uent rem o v a l'o f th e  TCA by r e p ea ted  e x tr a c t io n  
w ith  e th e r . As a means o f  d e t e c t in g  th e  p resen ce  o f H?CA 
th e  r e a c t io n  between TCA and oC -n a p h th o l in  u l t r a v io l e t  
l i g h t  d e sc r ib e d  by E g g le to n , E lsd en  and Gough (1943) was 
u sed .
The n atu re  o f "A” w i l l  be d isc u sse d  a t  g r e a te r  
le n g th  l a t e r .
By e lu t in g  the fo u r  n u c le o t id e s  from the lon g  run  
alone and by e s t im a tin g  t h e ir  phosphorus c o n te n t , i t  was 
p o s s ib le  to  o b ta in  a measure o f  the r e la t iv e  co m p o sitio n s  
o f  the RNA o f  d i f f e r e n t  an im al t i s s u e s .  In Table 10 the
F ig u re  14 . U l t r a v io le t  photograph o f  a sh o r t
Io n o p h o re tic  run o f  an AqS f r a c t io n  
from  r a t  l i v e r  show ing th e  c r e s c e n t  
shaped area  11 A" p reced in g  u r id y l i c  
a c id .
F i g u r e  1 4 .




U R I D Y L I C  A C I D
Table 1 0 .
Comparison o f  the a n a ly s is  o f  th e  A2S and RNA prepared  
from th e  cytop lasm  o f  s e v e r a l  d i f f e r e n t  b a tch es  o f  r a t  
l i v e r .  R e su lts  a re  ex p r essed  a s m olar r a t io s  r e l a t iv e  to  
a d e n y lic  a c id  as 10.
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a n a ly s is  o f  th e  A^S from  the w hole cy top lasm  o f  r a t  l i v e r  
and o f  the RNA i s o l a t e d  from  th e  same m a te r ia l i s  com­
pared f o r  s e v e r a l  groups o f  a n im a ls . The r e s u l t s  are  
ex p ressed  as molar r a t io s  r e la t iv e  to  a d e n y lic  a c id  as 
10. I t  w i l l  be n o t ic e d  th a t  in  a l l  c a s e s ,  g u a n y lic  a c id  
i s  p r e se n t  in  th e  la r g e s t  p r o p o r tio n , w h ile  c y t i d y l i c  a c id  
fo l lo w s  n e x t . There i s  a l s o  rea so n a b le  c o r r e la t io n  b e ­
tw een th e  r e s u l t s  from th e AgS and i s o la t e d  RNA, w h ile  
th e  f ig u r e s  fo r  the d i f f e r e n t  exp erim en ts in d ic a te  a 
s im ila r  com p osition  f o r  th e  RNA in  each  c a s e .
3 .8  The A n a ly s is  o f  f r a c t io n  A.^ S prepared from th e  S a lin e  
E x tr a c t  o f Dry T issu e  Powd er .
The stu d y  o f  th e  A^3 prepared by procedure 3 
i l l u s t r a t e d  i n  F i g .7 proved to  have s e v e r a l  ad van tages as  
w i l l  be se e n  l a t e r .  Not the l e a s t  o f  th e se  was th e  f a c t  
th a t  from  r a th er  more than a gram o f  dry t i s s u e  powder 
which proved q u ite  d i f f i c u l t  to  d i s s o lv e  in  0.3N-K0H, th e r e  
was o b ta in ed  abou t 150 mg. o f m a te r ia l which was r e a d i ly  
s o lu b le  in  water* U sing t h i s  tech n iq u e  i t  was th e r e fo r e  
p o s s ib le  to  o b ta in  a s o lu t io n  c o n ta in in g  the n u c le o t id e s  
in  h ig h er  c o n c e n tr a t io n  than had h ith e r to  proved f e a s i b l e ,  
and w hich a t  the same tim e c o n ta in e d  few er  d egrad ation  
produ cts o f  th e  t i s s u e  p r o t e in s .  The reco v ery  o f  th e  
t i s s u e  RNA was n o t q u a n t i t a t iv e ,  but proved to be o f th e
5 7 .
order o f 70j|, and s in c e ,  as w i l l  be seen  l a t e r ,  the com­
p o s i t io n  o f  th e  RNA in  th e  v a r io u s c y to p la sm ic  f r a c t io n s  
appears to  be rea so n a b ly  hom ogeneous, i t  seem s to  be v a l id  
to  c o n sid er  th e  co m p o sitio n  o f  the RNA e x tr a c te d  by p ro ­
cedure 3 as r e p r e s e n ta t iv e  o f  the t i s s u e  con cern ed . The 
r e s u l t s  i l l u s t r a t e d  in  Table 11 show th e  m olar r a t io s  o f  
th e  fo u r  n u c le o t id e s  in  the RNA from s e v e r a l  d i f f e r e n t  
t i s s u e s .  In  r a t  and r a b b it  l i v e r s ,  i t  w i l l  be n o te d  th a t  
the r e l a t iv e  p ro p o rtio n s o f the n u c le o t id e s  agree  w ith  
th o s e  found fo r  i s o la t e d  r a t  and r a b b it  l i v e r  RNA and 
a l s o  f o r  crude r a t and r a b b it  l i v e r  AgS (T ables 9 ,1 0 ) .
The r e l a t iv e  p ro p o rtio n s o f  th e  n u c le o t id e s  in  a l l  the  
fo w l t i s s u e s  s tu d ie d  proved to  be s im i la r ,  and to  d i f f e r  
l i t t l e  from  th o se  found in  r a ts  and r a b b it s .
3 -9  P re lim in ary  E xperim ents w ith
S e v e r a l au th o rs (Marshak A V&g&LK, 1950*3i J een er  & 
S z a fa r z , 1950a ,b ) have s t r e s s e d  the d i f f i c u l t y  o f  rem oving  
tr a c e s  o f  con tam in atin g  from  the n u c le o t id e -c o n ta in in g  
f r a c t io n  o f  anim al t i s s u e s ,  and D avidson , F razer and  
H u tch ison  (1951) have dem onstrated, th a t  i f  a sm a ll amount 
o f r a d io a c t iv e  phosphate i s  added to  a homogenate o f non­
r a d io a c t iv e  r a t  l i v e r  a lon g  w ith  TCA, th e r e  i s  s t i l l  con ­
s id e r a b le  a c t i v i t y  in  th e  AgS f r a c t i o n  ob ta in ed  by th e  
method o f  Schmidt and T hann hause r  (1945) even  a f t e r  e x ce ed ­
i n g ly  e x h a u stiv e  w ashing o f th e  t i s s u e  w ith  TCA and TCA
Table 11 .
C om position  o f  the RHA o f  s e v e r a l  t i s s u e s .  The a n a ly s e s  
were c a r r ie d  o u t on th e  r ib o n u c le o t id e  f r a c t io n  o b ta in ed  
by procedure 3 ,  and th e  r e s u l t s  a re  ex p r essed  as m olar
r a t io s  r e la t iv e to  a d e n y lic a c id  as 10 •








R at L iv er  1 . 1 0 .0 1 7 .5 1 3 .9 1 0 .9
Rat L iv er  2 . 1 0 .0 1 7 .6 1 4 .3 1 0 .8
R abbit L iv er 1 0 .0 1 6 .9 1 4 .6 1 0 .3
L iv er  from  Cock 1 . 10-0 1 6 .5 13 *4 1 0 .3
L iv er  from  Cock 2 . 1 0 .0 1 7 .7 1 3 .9 1 0 .8
L iv er  from  
L aying Hen 1 0 .0 1 6 .7 1 3 .6 1 0 .2
L iv er  from Cock 
b e a r in g  GRCH 15 
b r e a s t  tumour 1 0 .0 1 8 .1 1 4 .5 1 1 .1
GRCH 15 Tumour 
from  Cock 1 0 .0 1 8 .4 1 4 .5 1 1 .1
c o n ta in in g  sodium phosphate-
Experim ents have th e r e fo r e  been c a r r ie d  o u t to  
in v e s t ig a t e  th e  e f f i c i e n c y  o f  io n o p h o r es is  in  rem oving
'Z. Q
su ch  con tam in atin g  P. Sm all amounts o f  in o r g a n ic  
r a d io a c t iv e  phosphate were added to  a sp o t o f  th e  mixed 
n u c le o t id e s  on p ap er, and th e  m ixture su b m itted  to  io n o ­
p h o r e s is .  The p rogress o f  the in o r g a n ic  phosphate band 
was fo l lo w e d  by means o f  a uPanax,t m onitor s e t ,  and io n o ­
p h o r e s is  was g e n e r a lly  con tin u ed  u n t i l  t h i s  band was 
approaching the end o f  th e  paper. The p o s i t io n  of th e  
band was o b ta in ed  a f t e r  drying  th e  paper by moving th e  
m on itor in g  cou n ter  s lo w ly  over i t s  su rface*  I t  was found  
th a t  a l l  th e  a c t i v i t y  was lo c a te d  in  one w e ll  d e f in e d  
a r e a , and t h i s  was marked in  p e n c i l .  On su b seq u en t  
exam in ation  o f  the paper in  u l t r a v io l e t  l i g h t ,  the r a d io ­
a c t iv e  r e g io n  proved to  be w e l l  c le a r  o f the fo u r  n u c le o ­
t i d e s .  When the se p a r a te  n u c le o t id e s  were e lu t e d ,  th e
32amount o f  con tam in atin g  P as determ ined  in  a 20 th  Century  
E le c tr o n ic s  Type M 6 l iq u id  cou n ter  was found to  be n e g l i ­
g ib le  .
In  a n o th er  exp erim en t, a sm a ll amount o f  r a d io a c t iv e  
phosphorus was added to  th e  paper a t th e  s t a r t in g  p o in t  
a lon g  w ith  th e  normal q u a n tity  o f  a n o n -r a d io a c t iv e  r a t  
l i v e r  AgS, and th e  whole su b m itted  to  a normal sh o r t  run*
The paper was th en  d r ie d , th e  u l t r a v i o l e t  a b so rb in g  a rea s
in c lu d in g  nAw marked in  p e n c i l  and th e  MPanaxH m onitor  
moved s lo w ly  over the pap er. On t h i s  o c c a s io n  th e  s in g le  
a rea  which e x h ib ite d  r a d io a c t iv i t y  was found to c o in c id e  
w ith  component wA!t. D eterm in ation  o f the a c t i v i t y  o f  th e  
n u c le o t id e s  once a ga in  in d ic a te d  n e g l ig ib le  con tam in ation  
from  added
One fu r th e r  check on th e  rem oval o f con tam in atin g  
r a d io a c t iv e  phosphate from  the AgS f r a c t io n s  was then
a p p lie d . The experim ent o f  D avidson , F razer  and H utch ison
32(1951) in  w hich 0 .8 8  yuc. P was added to  a homogenate o f  
4 g . o f  n o n -r a d io a c t iv e  r a t  l i v e r  t i s s u e  a lo n g  w ith  TCA 
was d u p lic a te d . The p r e c ip ita t e d  m a ter ia l was washed 
fo u r  tim es w ith  i c e - c o l d  10$ TCA and su b je c te d  to  the  
u su a l m o d ified  Schm idt and Thannhauser (1945) p roced u re, 
th e  a lk a l in e  d ig e s t  b e in g  p r e c ip ita t e d  w ith  HC10 . The 
r ib o n u c le o t id e s  were se p a r a ted  by io n o p h o r e s is , e lu te d  
and th e  e lu a te s  a ssa y ed  fo r  r a d io a c t iv i t y  which proved to  
be n e g l i g i b l e .
3 .1 0  The Io n o p h o resis  o f  th e  AgS F r a c tio n  from the L iy ers
32o f  R ats w hich had r e c e iv e d  p .
In organ ic  r a d io a c t iv e  phosphate was a d m in istered  
to  r a ts  in  d oses from  20 to  5 0 yAC./lOO g . body w t* , and 
th e  an im als k i l l e d  a t  s p e c i f ie d  tim es t h e r e a f t e r .  The 
l i v e r s  were p e r fu se d  w ith  s a l i n e ,  e x c is e d ,  hom ogenised
and th en  su b m itted  to  th e  m o d ified  Schm idt and Thannhauser 
(1945) procedure ( F ig .6 ) .  The r ib o n u c le o t id e s  were 
se p a r a ted  by io n o p h o r e s is  both  by lo n g  and sh o r t ru n s.
The papers were photographed in  u l t r a v io l e t  l i g h t  and were 
th en  l e f t  in  c o n ta c t  w ith  Kodak In d u strex  Type D X -ray  
f i lm  fo r  14 days fo r  th e  p rep a ra tio n  o f  a u to ra d io g ra p h s. 
Comparison o f  th e  u l t r a v i o l e t  photographs and a u to r a d io ­
graphs f o r  both  lon g  and sh o r t  runs i s  made in  F ig s .  15 
and 1 6 . From th e se  photographs i t  i s  c le a r  th a t  th e r e  
are  p r e se n t  p a r t ic u la r ly  in  the sh o r t  runs phosphorus- 
c o n ta in in g  s p o ts  w hich are s tr o n g ly  r a d io a c t iv e ,  bu t w hich  
are n o t apparent In the u l t r a v io l e t  photograph. The f i r s t  
o f  th e  n o n -n u cleo tid .e  sp o ts  and th a t  showing most s tr o n g ly  
on th e  au torad iograp h  corresp on d s to  th e  u l t r a v io l e t  
ab sorb in g  a rea  UAM. About h a l f  way betw een uAn and 
u r id y l ic  a c id  th ere  i s  found on th e  au torad iograp h  a 
secon d  in te n s e  sp o t which has been d e s ig n a te d  UC". I t  
w i l l  be n o t ic e d  th a t  the fr o n t  edge o f the n u c le o t id e  
b lo ck  in  th e  u l t r a v i o l e t  photograph does n o t correspond  
w ith  the fr o n t  edge on the au torad iograp h . C lo ser  i n ­
s p e c t io n  r e v e a ls  th a t  th e re  are in  f a c t  two bands In  t h i s  
r e g io n  on th e  au torad iograp h , one o f which corresponds  
w ith  the u r id y l ic  a c id  s p o t ,  the o th er  b e in g  s l i g h t l y  in  
f r o n t  o f i t .  T his component we have c a l l e d  WDM. At 
th e  o th er  end o f  the b lock  o f  n u c le o t id e s ,  i t  was a ga in
F ig u re  1 5 . A utorad iograph  (A) and u l t r a v i o l e t  
photograph (B) o f  th e  se p a r a t io n  o f  
th e  n u c le o t id e s  from an AQS f r a c t io n  
o f  r a t l i v e r  by io n o p h o r e s is . Com­
ponents {tD,f and tfEM are  v i s i b l e  on th e  
au torad iograp h  but n o t  on the u l t r a ­
v i o l e t  photograph. The AgS was p r e ­
pared from th e  l i v e r  t i s s u e s  o f  r a t s  
w hich had r e c e iv e d  50pc .^ P /lO O g .  




C o m p o nen t  E 
U r idy l ic  Acid.
C om ponen t  0
F igu re  1 6 . A utorad iograph  (A) and u l t r a v i o l e t
photograph (B) o f  a sh o r t  io n o p h o r e tic  
run o f  an AgS f r a c t io n  from  r a t  l i v e r ,  
showing components 11 Aw , UBW , wGtt, lfD% 
»E» and ttFn • The an im als r e c e iv e d  
5 0 ja c .^ p /l0 0 g *  body w t. 2 hr- b e ­
fo r e  k i l l i n g .
Figure  16.
B
Com ponent  F-
Cy tidy lie Acid. 
S  Adenylic Acid.
G uony t ic  Acid.
5* IVhtjSComponent E. 
^Uridylic Acid. 
C om ponen t  D.
C o m p o n e n t  C.
[C om p on en ts A i B ,
found th a t  th ere  was la c k  o f c o r r e la t io n  between the u l t r a ­
v i o l e t  photograph and the a u to ra d io g ra p h , th e re  b e in g  an  
a d d it io n a l  sp o t on the l a t t e r  lo c a te d  betw een th e  c y t i d y l i c  
a c id  r e g io n  and the o r ig in :  t h i s  area  has been  c a l l e d  f,F,f.
The au torad iograp h s have th e r e fo r e  p rov id ed  v ery  
u s e f u l  in fo r m a tio n  by lo c a t in g  the p o s i t io n s  on th e  papers 
o f  o th er  phosphorus c o n ta in in g  su b sta n c es  w hich were n ot  
d e te c ta b le  by the o th e r  methods u sed . The p resen ce  o f  
th e se  a d d it io n a l  components had been  su sp ec ted  b ecause th e  
t o t a l  phosphorus r eco v ered  from th e  s t r i p  when th e  n u c le o ­
t id e s  and nAu were added to g e th e r  amounted o n ly  to  about 
80$? o f  th e  phosphorus a p p lie d  to  the paper i n i t i a l l y .
When th e  u l t r a v i o l e t  ab sorb in g  area  nAn was 
e lu t e d ,  i t  was found p o s s ib le  to  se p a r a te  th e  e lu a te  in to  
an in o r g a n ic  and an organ ic  c o n s t i t u e n t ,  b o th  o f  w hich  
c o n ta in e d  phosphorus. The in o r g a n ic  p o r tio n  w hich was 
se p a r a ted  by d e v e lo p in g  th e  b lu e  phosphom olybdate com plex  
on an u n d ig e s te d  e lu a te  and e x tr a c t in g  w ith  iso b u ta n o l  
was d e s ig n a te d  ,fB11, w h ile  th e  organ ic  p o r tio n  w h ich  must 
be th a t  r e s p o n s ib le  f o r  the u l t r a v io l e t  a b so r p tio n  r e ta in e d  
the name MA,f. The o th er  components ,!CH, nDu and ,lF,t 
c o n ta in e d  no in o r g a n ic  p h osp h ate , n or  were th ey  v i s i b l e  on 
exam in ation  o f the paper in  u l t r a v i o l e t  l i g h t .  The r e ­
la t io n s h ip  o f  a l l  th e se  components to  th e  n u c le o t id e s  i s
apparent from  the photographs in  F ig s .  15 and 16.
When th e  phosphorus c o n ten t of a l l  th e se  areas was 
tak en  in t o  account in  c o n ju n c tio n  w ith  the n u c le o t id e s ,  
th e  reco v ery  o f the phosphorus a p p lie d  to  the paper  
approached 100%* The r e s u l t s  o f some o f  th e se  exp erim en ts  
are shown in  Table 1 2 , in  the e a r l i e r  o f  w hich a l l  the  
a d d it io n a l  components are n o t l i s t e d  s in c e  a t  th e  tim e o f  
a n a ly s is  th ey  had n o t been lo c a te d . One s t r ik in g  fe a tu r e  
o f  the f ig u r e s  i s  th e  c o n s id e r a b le  p ro p o rtio n  o f  th e  AgS 
phosphorus which i s  n o n -n u c le o tid e  d e s p ite  the f a c t  th a t  
i t  has p r e v io u s ly  been g e n e r a l ly  assumed by u se r s  o f  the  
Schm idt and Thannhauser method th a t  t h i s  f r a c t io n  c o n ta in s  
o n ly  n u c le o t id e  phosphorus to g e th e r  w ith  a m inute amount 
o f  ,,p h osp h op ro te in n phosphorus. I t  w i l l  be n o ted  th a t  
th e r e  i s  c o n s id e r a b le  v a r ia t io n  in  the amount of phosphorus 
in  the components "A", UBU, !ICH, ”DM, and ,fFM; t h i s  i s  in  
p a r t due to  the f a c t  t h a t  the e x a c t  p o s i t io n  o f  th e se  sp o ts  
was n o t lo c a te d  b e fo re  the paper was cu t up f o r  e lu t io n ,  
th e  procedure b e in g  to  cu t th e  w hole area  betw een u r id y l i c  
a c id  and nA,f in t o  s t r ip s  ap p rox im ately  2 cm. w id e , e lu t e  
each  s e p a r a te ly  and determ ine th e  phosphorus in  ea ch .
The su b seq u e n tly  d eve lop ed  au torad iograp h  se rv e d  as a key  
from  w hich th e  phosphorus c o n te n t  of th e  v a r io u s  s t r i p s  was 
a l lo c a t e d  to  th e  v a r io u s  com ponents. The phosphorus con­
te n t  o f  th e se  components was in  most c a se s  so  low as to
Table 12 .
S ep a r a tio n  by io n o p h o r e s is  o f  th e  components o f  th e  
r ib o n u c le o t id e  f r a c t io n  o f r a t  l i v e r  t i s s u e  su b m itted  t o  
th e  m o d ified  Schmidt and Thannhauser p ro ced u re . For an 
e x p la n a t io n  o f  “A11, HBU, HC,f, !IDH and ^F11 se e  F ig .]^ : and 
t e x t .
E xp t. Components in  yag.P/lOO jig* t o t a l  P in  f r a c t io n  AgS
Whole













A B C D F T o ta l
1 . 1 4 .2 2 4 .2 2 0 .6 1 6 .7 4*3 3 .8 6 .1 6 .5 - 8 9 .1
2* 1 4 .6 2 5 .0 2 4 .0 1 6 .4 1 .9 2 .2 8 .1 8 .0 - 9 6 .2
3 . 13 .3 2 3 .5 2 0 .8 1 5 .3 1 .4 1 .5 9 .7 1 1 .0 - 9 6 .5
4 . 1 3 .2 2 5 .4 2 1 .5 1 5 .9 3 .5 2 -0 6 .9 3 .0 - 9 1 .2
5 • 1 2 .8 2 5 .8 1 9 .9 1 8 .2 4 -6 5 .6 8 .7 4 .6 - 1 0 0 .2
6 • 1 4 .0 2 6 .4 2 0 .6 1 5 .9 3 .8 2 .5 2 .4 6 .2 - 9 2 .8
Whole
C ytoplasm
1 . 1 4 .1 2 3 .8 2 1 .8 1 7 .1 3 .6 1 .4 - - - 8 1 .8
2 12-3 2 8 .4 1 9 .7 1 5 .4 6 .0 1 .5 4 .5 4 .2 1 . 1 9 3 .1
p reclu d e  the c u t t in g  o f  narrower s t r i p s  fo r  e lu t io n  s in c e  
th e  sp ek ker rea d in g s on the e x i s t in g  e lu a t e s  were fr e q u e n t­
ly  o n ly  about tw ice  th o se  o f  the rea g en t b lan k , thus making 
th e  accu racy  o f  th e  e s t im a tio n  poor. The n u c le o t id e s  them­
s e lv e s  appear t o  be rem arkably c o n s is t e n t  in  amount a c c o u n t­
in g  fo r  about 75/6 o f  th e  t o t a l  phosphorus in  the fr a c t io n *  
M oreover, the r e l a t iv e  amounts o f  th e  n u c le o t id e s  i s  o f  th e  
same ord er in  each c a s e ; in  r a t  l i v e r  g u a n y lic  a c id  was 
alw ays m ost abundant, w h ile  th e  c y t i d y l i e  a c id  was a l s o  
h ig h  in  com parison w ith  a d e n y lic  and u r id y l ic  a c id s .
The s p e c i f i c  a c t i v i t i e s  o f  the n u c le o t id e s  and 
o th er  components o f  s e v e r a l  whole l i v e r  AgS f r a c t io n s  i s  
shown in  T able 13 . In  t h i s  ta b le  some o f  the components 
were n o t  a n a ly se d  and no v a lu e s  are  th e r e fo r e  qu oted . In  
th r e e  c a s e s ,  HA” and nBn were n o t se p a r a te d , and in  th e se  
in s ta n c e s  the combined va lu e  i s  shown. I t  w i l l  be ob served  
th a t  in  ev ery  ca se  th e  a c t i v i t i e s  o f th e  n u c le o t id e s  are  
very  much low er than  th o se  o f  the corresp on d in g  whole  
f r a c t i o n s ,  and p a r t ic u la r ly  o f the a d d it io n a l  com ponents. 
T his i s  most n o t ic e a b le  2 h r . a f t e r  in j e c t io n ,  th e  in c r e a se d  
a c t i v i t y  o f  th e  n u c le o t id e s  24 h r . a f t e r  in j e c t io n  tending^ 
to  d im in ish  th e  e f f e c t  o f the con com itan ts on th e  a c t i v i t y  
o f th e  whole f r a c t io n s .  Of th e  n u c le o t id e s ,  u r id y l ic  a c id  
in v a r ia b ly  e x h ib i t s  the h ig h e s t  a c t i v i t y ,  a f a c t  w hich must 
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th e  more a c t iv e  components HA,!, HBn , tfClf and "D11 (See  
l a t e r ) .
3 .1 1  Comparison o f  the S p e c i f ic  A c t i v i t i e s  o f  th e  N u cleo ­
t id e s  from  the I s o la t e d  RNA and the ApS o f whole  
C ytoplasm .
In  view of th e  p o s s i b i l i t y  m entioned above th a t  
u r id y l ic  a c id  ob ta in ed  by io n o p h o r e s is  o f  an AgS f r a c t io n  
m ight be contam inated w ith  a more a c t iv e  com ponent, i t  was 
d ec id ed  to  compare the a c t i v i t i e s  o f a l l  th e  n u c le o t id e s  
o b ta in ed  by io n o p h o r e s is  o f a h y d r o ly sa te  o f RNA i s o la t e d  
from  r a t  l iv e r  cy top lasm  w ith  th e  a c t i v i t i e s  o f the n u c le o ­
t id e s  o b ta in ed  from an AgS f r a c t io n  prepared from an a l i ­
quot o f  th e  same m a te r ia l .  An au torad iograp h  o f a s t r i p  
o f  paper on w hich  th e  n u c le o t id e s  from a sample o f  r a d io ­
a c t iv e  RNA had been  sep a ra ted  i s  shown in  P i g . 17 a lo n g s id e  
th e  corresp on d in g  u l t r a v io l e t  photograph. I t  w i l l  be 
ob served  th a t  in  t h i s  c a se  th e re  i s  no ev id en ce  o f  a d d it io n  
a l  phosphorus c o n ta in in g  su b sta n ces  b e s id e s  the n u c le o t id e s  
The r e s u l t s  o f t h is  experim ent are shown i n  Table 14 .
I t  i s  c le a r  from such f ig u r e s  th a t the a c t i v i t y  o f th e  
u r id y l ic  a c id  o b ta in ed  from  th e  i s o la t e d  RNA i s  in  a l l  
c a se s  bu t one s u b s t a n t ia l ly  low er  than th a t from the AgS 
f r a c t io n ,  and th a t  th e  v a lu e s  fo r  u r id y l ic  a c id  in  th e  i s o ­
la t e d  RNA are  comparable w ith  th o se  o b ta in in g  fo r  th e  
o th er  n u c h o t id e s . The v a lu e s  found fo r  th e  o th e r  n u c le o -
F igu re  1 7 . A u torad iograph  (A) and u l t r a v i o l e t
photograph (B) o f  the s e p a r a t io n  o f
n u c le o t id e s  from  an i s o la t e d  RNA.
The RNA was prepared  from the l i v e r
cytop lasm  o f r a t s  w hich had r e c e iv e d  
3250yuc. P 24 h r . b e fo r e  s a c r i f i c e .
The ten d en cy  for th e  iso m e r ic  
g u a n y lic  a c id s  to  se p a r a te  i s  v i s i b l e  





Comparison o f  the s p e c i f i c  a c t i v i t i e s  (c t ./m in ./lO O jig .P )  
o f  th e  n u c le o t id e s  o b ta in ed  from  th e RNA and A2S o b ta in ed  
from r a t  l i v e r  cy to p la sm . 50j*c.32P /l0 0  g . body w t. was 
a d m in istered  to  th e  a n im a ls .
E xp t. No. Time a f t e r  Adeny- Guany- C y tid y - U ridy- Whole








F r a c t io n
1 . RNA 2 h r . 541 310 453 385 605
a 2s 2 h r . 702 370 544 965 1730
2 . RNA 2 h r . 1190 640 690 880 864
A2S 2 h r . 975 570 810 870 2560
3 . RNA 2 h r . 355 170 350 294 454
a 2s 2 h r . 350 310 255 610 1210
4 . RNA 2 h r . 235 133 164 187 236
a 2s 2 h r . 300 255 215 588 1190
5 . RNA 24 h r . 2020 1750 1920 1940 2210
A2S 24 h r . 2075 1970 2010 2320 2640
t id e s  are n o t  in  good agreem ent w ith  one an oth er  a lth o u g h  
th e  d iscrep a n cy  i s  much sm a lle r  than in  th e  ca se  o f  u r i ­
d y l ic  a c id . One p o s s ib le  e x p la n a tio n  o f  t h i s  anomaly i s  
th a t  o n ly  a sm a ll p ro p o r tio n  o f the t o t a l  RNA p r e se n t  in  
the cy top lasm  i s  recovered  on i s o l a t i o n ,  w h ile  a l l  th e  RNA 
i s  r e p r e se n te d  in  the AgS f r a c t io n .  I t  seems l i k e l y  th e r e ­
fore^ th a t  the i s o la t e d  m a te r ia l i s  n o t a r e p r e s e n ta t iv e  
sample o f  th e  cy to p la sm ic  RNA s in c e  s e v e r a l  au th ors  
(J e e n e r , 1949a; J een er  & S z a fa r z , 1950a; Barnum & H®seby,
1950 , and D avidson , MeIndoe & S m e l l ie ,  1951) have demon-
32s t r a te d  d i f f e r e n c e s  in  uptake o f  P in to  the.RNA o f the
d i f f e r e n t  cy to p la sm ic  f r a c t io n s .  M oreover, s in c e  a very
h ig h  p ro p o r tio n  o f  th e  c y to p la sm ic  RNA i s  to  be found in  
th e  microsome f r a c t io n  in  w hich the s p e c i f i c  a c t i v i t y  o f  
th e  RNAP has been found to  be low , i t  i s  q u ite  p o s s ib le  
th a t  th e  i s o la t e d  RNA comes p r e f e r e n t ia l ly  from t h is  so u r c e .  
Apart from th e se  p o s s i b i l i t i e s  i t  i s  c le a r  in  a d d it io n  th a t  
th e  u r id y l ic  a c id  o b ta in ed  from th e  AgS was contam inated  
w ith  some o th e r  h ig h ly  a c t iv e  component which we have c a l l e d  
wEtf (P ig . 1 5 ) .  The amount o f  phosphorus in  t h is  component 
would appear to  be sm a ll s in c e  th ere  i s  in  g e n e r a l good  
agreem ent betw een the e s t im a te s  o f  th e  m olar p ro p o rtio n s  
o f u r id y l ic  a c id  in  th e  i s o la t e d  RNA and in  th e  AgS 
f r a c t io n  (T able 1 0 ) ,  a lth o u g h  th e  tendency i s  f o r  the AgS
f ig u r e  to  be h ig h e r  than th a t  found fo r  th e  RNA. One 
o th er  fe a tu r e  o f th e  r e s u l t s  o b ta in ed  in  t h i s  experim ent 
i s  n o te w o r th y :-  even i n  the i s o la t e d  RNA the f ig u r e s  fo r  
th e  a c t i v i t i e s  o f th e  n u c le o t id e s  are  in  most c a se s  con­
s id e r a b ly  low er than  the a c t i v i t y  o f th e  whole RNA. The 
s ig n if ic a n c e  o f t h i s  f in d in g  i s  o f i t s e l f  d i f f i c u l t  to  
a s s e s s ,  bu t ta k en  i n  co n ju n ctio n  w ith  the f a c t  t h a t  the  
r e c o v e r ie s  o f n u c le o t id e  phosphorus from  the i s o la t e d  
RNA a lth o u g h  approach ing c lo s e  to 100^ has n ev er  a c tu a l ly  
been 100^, i t  seems n ot im p o ss ib le  th a t th e  i s o la t e d  RNA: 
may c o n ta in  some h ig h ly  a c t iv e  contam inant. T his was 
confirm ed by au torad iograp h s o f  sh o r t  ionophordfcic runs o f  
i s o la t e d  RNA l^ yd ro lysa tes w hich in d ic a te d  the p resen ce  o f  
an a d d it io n a l  component corresp on d in g  to  ,fG,f In P ig .  16 .
3 .1 2  The E lim in a tio n  o f  th e  C on com itants.
In  view  o f th e  number and amount o f th e  concom i­
ta n t s  uAh , ”Bn , "C", ”Dn , UEU and uPn (P ig s . 15 and 16) in  
th e  AgS f r a c t io n  o b ta in ed  by the i n i t i a l  m o d if ic a t io n  o f  
the Schmidt and Thannhauser (1945) proced u re, i t  was o b v io u s­
ly  d e s ir a b le  to  f in d  some means o f  e lim in a t in g  them or a t  
l e a s t  red ucin g  them in  number or e x te n t .
At f i r s t  I t  seemed most l i k e l y  th a t  the o r ig in  o f  
th e se  su b sta n c es  would be e i t h e r  a c id - s o lu b le  m a te r ia l w hich  
had n o t  been co m p le te ly  e x tr a c te d  in  the i n i t i a l  w ashings
w ith  TCA, or some p h o sp h o lip id  w hich had rem ained even  
a f t e r  the ex h a u stiv e  e x tr a c t io n  a p p lie d . Experim ents  
were th e r e fo r e  c a r r ie d  ou t in  w hich th e  number o f w ash ings  
w ith  10$ TCA was in c r e a se d  to  5 , and in  w hich th e  l i p i d  
e x tr a c t io n  was supplem ented by two e x tr a c t io n s  o f  30 m in. 
w ith  b o i l in g  e th an o1-ch loro form  ( 3 : 1 ) .  On io n o p h o r e s is  
o f the A2S o b ta in ed  a f t e r  su ch  d r a s t ic  p r io r  trea tm en t  
however i t  was found th a t  th e re  was no d im in u tio n  in  e i t h e r  
number or  amount o f  th e  con com itan ts as ev id en ced  by p h os­
phorus and r a d io a c t iv i t y  d e te r m in a t io n s .
In  s e v e r a l  c a s e s ,  io n o p h o r e s is  o f  a r a d io a c t iv e  
A2S was c a r r ie d  out down one edge o f  a wide s t r i p  o f p ap er, 
th e  paper d r ie d  in  th e  u su a l f a s h io n ,  and then  su b je c te d  t o  
chromatograpby in  th e  form  o f a scen d in g  chromatograms a t  
r ig h t  a n g le s  to  th e  d ir e c t io n  o f  io n o p h o r e s is . The s o lv e n t s  
u t i l i s e d  were th e  is o b u ty r ic  acid /am m onia, isop rop an o l/H C l 
and m eth an o l/form ic  a c id  system s o f  Ivlagasanik e t  a l .  (1 9 5 0 ) ,  
Wyatt (1951) and Bandurski and A xelrod  (1951) r e s p e c t iv e ly .  
A fte r  ru n n in g , the chromatograms were d r ie d  and th e  u r id y l ic  
a c id  lo c a te d  in  u l t r a v io l e t  l i g h t  as b e fo r e . The u r id y l ic  
a c id  la n e  was then  c u t  up , e lu te d  in  s t r i p s ,  and phosphorus 
and r a d io a c t iv i t y  d e term in a tio n s c a r r ie d  ou t on each  e lu a t e .  
A l l  th e se  s o lv e n t s  reduced, th e  a c t i v i t y  o f  the u r id y l i c  a c id  
to  about th a t  o f the o th e r  n u c le o t id e s ,  and to  a l e v e l  com­
p arab le  w ith  th a t  found fo r  th e  u r id y l i c  a c id  o b ta in ed  from
an i s o la t e d  RNA prepared from th e  same s t a r t in g  m a te r ia l .
Such procedures were clum sy and a t  the b e s t  q u a l i ­
t a t i v e ,  and i t  was th e r e fo r e  c o n sid er ed  d e s ir a b le  to  f in d  
some means o f  o b ta in in g  an AgS f r a c t io n  as f a r  as p o s s ib le  
f r e e  from th e s e  co n ta m in a n ts. The experim en ts on e x ­
h a u s t iv e  e x tr a c t io n  o f  th e  a c id - s o lu b le  and l i p i d  su b ­
s ta n c e s  o f  th e  t i s s u e  in d ic a te d  th a t  th e  con com itan ts were 
probably p r o te in  bound and were l ib e r a t e d  o n ly  a f t e r  a l ­
k a lin e  in c u b a t io n . An a ttem p t was made to  e lim in a te  some 
o f th e s e  con com itan ts by s e p a r a t in g  the RNA from th e  b u lk  
o f  th e  p r o te in  b e fo r e  i t  was in cu b ated  w ith  a l k a l i .  T h is  
procedure in v o lv e d  th e  e x tr a c t io n  o f  the dry l i p i d  f r e e  
r e s id u e  o f  th e  t i s s u e  w ith  10$ s a l in e  a s  p r e v io u s ly  
d e sc r ib e d  (procedure 3 ) .
At t h i s  s ta g e  owing to  th e  apparent h e te r o g e n e ity  
o f th e  RNA o f  the c e l l ,  i t  was d ec id ed  to  carry  out 
fu r th e r  experim en ts on the v a l i d i t y  o f  su ch  methods on the  
c y to p la sm ic  f r a c t io n s  th e m se lv e s , and fu r th e r  r e s u l t s  on 
t h i s  work a r ep re sen ted  l a t e r .
S • IS R e su lts  o f  A n a ly s is  o f  C ytoplasm ic F r a c t io n s .
A number o f  p re lim in a ry  exp erim en ts were c a r r ie d  
out in  order to  in v e s t ig a t e  th e  s e p a r a t io n  o f  cy to p la sm ic  
f r a c t i o n s ,  and to  o b ta in  some d a ta  on th e  d i s t r ib u t io n  o f  
phosphorus compounds in  them u s in g  th e  Schm idt and Thann-
h au ser  (1945) procedure as m o d ified  by D avid son , F ra zer  and 
H utch ison  (1 9 5 1 ) . The r e s u l t s  o b ta in ed  were r a th e r  
s c a t t e r e d ,  la r g e ly  due to  th e  method o f  e x p r e s s io n , v i z . ,  
mg*P/lOO g . f r e s h  t i s s u e .  This d id  n o t  take in to  accou n t  
th e  f a c t  th a t  h om ogen isa tion  was d i f f i c u l t  to  c o n tr o l from  
experim ent to  experim ent w ith  the r e s u l t  th a t  a v a r ia b le  
p ro p o r tio n  o f  unbroken c e l l s  was found in  th e  n u c le a r  
f r a c t io n .  At th e  same t im e , s t r a in in g  o f  the homogenate 
through  n y lo n , w hich proved to  be d e s ir a b le ,  removed 
v a r ia b le  amounts o f  in t a c t  t i s s u e .  These exp erim en ts  
furtherm ore were c a r r ie d  out on s a l in e  hom ogenates made very  
s l i g h t l y  a lk a l in e  w ith  NaOH so  th a t  both  m itoch on d ria  and 
m icrosom es were p a r t i a l l y  a g g lu t in a te d  and the n u c le a r  and 
m ito ch o n d r ia l f r a c t io n s  con tam in ated . In  v iew  o f  th e se  
v a r ia t io n s ,  th e  u se  o f  average v a lu e s  was r e j e c t e d ,  but 
th e  r e s u l t s  o f  one t y p ic a l  experim ent are i l l u s t r a t e d  in  
Table 15 . From th e se  f ig u r e s  i t  w i l l  be n o te d  th a t  th e  
d is t r ib u t io n  o f RNA i s  com parable w ith  th a t  found by o th e r  
w orkers. A very  h ig h  p r o p o r tio n  o f  the DNA c o n te n t  o f  
th e  homogenate i s  found in  th e  n u c lea r  f r a c t io n  in d ic a t in g  
th a t  th ere  has been l i t t l e  d e s tr u c t io n  o f n u c le i .  S in ce  
th e  r a t i o  o f  RNA:DNA in  th e  n u c leu s i s  o f th e  order o f  1 :3 ,  
th e  co n ta m in a tio n  o f th e  cy to p la sm ic  f r a c t io n s  w ith  n u c le a r  
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3•14 The S p e c i f i c  A c t i v i t i e s  o f  th e  phosphorus c o n ta in in g
F r a c t i o n s  from  th e  C y to p la sm ic  C o n s t i t u e n t s .
I n  th e  e x p e r im e n ts  d e s c r ib e d  a b o v e ,  th e  u p ta k e  o f  
P by th e  v a r io u s  c y to p la s m ic  f r a c t i o n s  was s t u d i e d
'7.0
s im u l t a n e o u s ly .  The r a t s  were t r e a t e d  w i th  P a t  t h e  
r a t e  o f  l O ^ c . / l O O  g- body w t . ,  2 h r .  p r i o r  t o  s a c r i f i c e ,  
and th e  r a d i o a c t i v i t y  o f  e ac h  o f  th e  ph o sp h o ru s  c o n ta in i n g  
f r a c t i o n s  was a s sa y e d  f o r  th e  d e te r m in a t io n  of s p e c i f i c  
a c t i v i t i e s .  The r e s u l t s  o f  th e s e  s t u d i e s  c o r r e s p o n d in g  
to  t h e  a n a ly s e s  i n  T ab le  15 a r e  i l l u s t r a t e d  i n  T able  16 , 
and a r e  o f  c o u r s e  s u b j e c t  to  the  same l i m i t a t i o n s .  I n  
g e n e r a l  how ever t h e  same p a t t e r n  was fo u n d  th r o u g h o u t  a l l  
t h e  p r e l i m i n a r y  e x p e r im e n ts .  P e rhaps  th e  m ost im p o r ta n t  
f e a t u r e  was t h a t  th e  s p e c i f i c  a c t i v i t i e s  o f  th e  r i b o n u c l e o ­
t i d e - c o n t a i n i n g  f r a c t i o n s  from  th e  m i to c h o n d r ia  and s u p e r ­
n a t a n t  were o f  t h e  same o r d e r  w h i le  t h a t  from  th e  m icrosom es 
was c o n s i d e r a b ly  lo w e r .
3 •1 3  The I o n o p h o r e s is  o f  th e  ApS f r a c t i o n  from  th e  
C y to p la s mic C o n s t i t u e n t s .
I n  v iew  o f  th e  r e s u l t s  p r e v i o u s ly  o b ta in e d  w i t h  
whole t i s s u e  and whole c y to p la sm  i n  w hich  i t  was fo u n d  t h a t  
t h e r e  was c o n s i d e r a b le  c o n ta m in a t io n  o f  th e  A^S w i t h  h ig h ly  
a c t i v e  P compounds, i t  was o b v io u s ly  d e s i r a b l e  t o  d e te rm in e  
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th e  d i f f e r e n t  c y to p la s m ic  f r a c t i o n s  and a l s o  to  d eterm ine  
w h e th e r  th e  a d d i t i o n a l  components were l im it e d  t o  one 
f r a c t i o n  o r  were common t o  a l l .  A t th e  t im e  o f  th e se  
e x p e r im e n ts  o n ly  th e  p r e s e n c e  o f  UAH and "B,f had "been 
e s t a b l i s h e d ,  and no c o n c r e te  e v id e n c e  a s  to  th e  contam ina­
t i o n  o f  th e  u r i d y l i c  a c i d  had  b e en  o b t a i n e d .  The r e s u l t s  
o f  f o u r  e x p e r im e n ts  i n  w hich  th e  s p e c i f i c  a c t i v i t i e s  o f  th e  
n u c l e o t i d e s  f rom  th e  t h r e e  c y to p la s m ic  f r a c t i o n s  o f  i s o t o n ic  
s a l i n e  hom ogenates o f  r a t  l i v e r  t i s s u e  were d e te rm in e d  a r e
shown i n  T ab le  17 . The a n im a ls  u sed  i n  t h e s e  exp erim en ts
32h ad  r e c e i v e d  20 jxo.  P/lCO g .  body w t . ,  two hours b e fo r e  
k i l l i n g .
3 .1 6  R e s u l t s  o b t a in e d  u s in g  t h e  Q .25M -3ucrose Procedure  
o f  S c h n e id e r  (1 9 4 8 ) .
In view  o f  t h e  c r i t i c i s m s  w hich  have b e e n  l e v e l l e d  
a t  t h e  s e p a r a t i o n  o f  th e  c y to p la s m ic  c o n s t i t u e n t s  from  
s a l i n e  h o m o g en a te s ,  i t  was c o n s id e r e d  d e s i r a b l e  t h a t  fu tu r e  
e x p e r im e n ts  s h o u ld  be c a r r i e d  o u t  i n  s u c r o s e .  E l e c t r o n  
m ic ro g ra p h s  o f  the  m i to c h o n d r ia  and  m icrosom es o b t a i n e d  i n  
s a l i n e  were k in d ly  p r e p a r e d  b y  D r. I#M* Dawson o f  th e  
C h e m is try  D epartm en t o f  t h i s  U n i v e r s i t y ,  and  r e v e a l e d  t h a t  
b o th  t y p e s  o f  p a r t i c l e  w ere  g r o s s l y  a g g lu t i n a t e d ,  and th a t  
th e  m i t o c h o n d r i a l  f r a c t i o n  was c o n ta m in a te d  w i th  c o n s i d e r a b le  
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F ig u re  18 . E le c tr o n  m icrographs o f  (A) the  
m ito ch o n d r ia l f r a c t io n  x  14 ,0 0 0  
and (B) th e  microsome f r a c t io n  
x  2 7 ,0 0 0  i s o la t e d  from  a s a l in e  
homogenate o f  r a t  l i v e r  t i s s u e .
Figure 18. 
A.
f in d in g s ,  exp erim en ts were c a r r ie d  out on r a t  l i v e r  t i s s u e  
hom ogenised in  0 .25M -sucrose in  order to  confirm  th e  r e ­
s u l t s  o b ta in ed  in  Table 17 . The ^2p was ad m in istered  
in tr a m u sc u la r ly  in  d o ses  o f 5 0 ^ n c ./ l0 0  g . body w e ig h t, th e  
f r a c t io n s  i s o la t e d  by th e  S ch n eid er  (1948) p roced u re, and 
su b m itted  to  th e  m o d ified  Schm idt and Thannhauser s e p a r a t io n .
The A S  f r a c t io n  o b ta in ed  from an a liq u o t  o f  th e  whole  2
cytop lasm  and from each  o f the cy to p la sm ic  c o n s t i tu e n t s  was 
a n a ly sed  by both  lon g  and sh o r t  io n o p h o r e tic  ru n s . The 
r e s u l t s  o f s p e c i f i c  a c t i v i t y  d e term in a tio n s are  shown in  
Table 1 8 .
The f r a c t io n a t io n  on t h i s  o c c a s io n  was c a r r ie d  out  
on a la r g e  s c a le  in  an M .S.E. uHigh Speed C e n tr ifu g e ” , 
op erated  in  the c o ld  room , where i t  was observed  th a t  the  
tem perature o f th e  m icrosom al su p ern atan t a f t e r  runn ing f o r  
1 h r . a t  f u l l  sp eed  was 1 5 ° . The c e n tr i fu g a l  f i e l d s  o b ta in ed  
w ith  t h i s  c e n tr ifu g e  were comparable w ith  th o se  u sed  w ith  
th e  I n te r n a t io n a l  R e fr ig e r a te d  C en tr ifu g e  u s in g  th e  h ig h  
speed  a tta ch m en t. In t h i s  experim ent as in  a l l  su b seq u en t  
f r a c t io n a t io n  ex p e r im en ts , NaP was added to  th e  homogenate 
to  y ie ld  a f i n a l  c o n c e n tr a t io n  o f  0.02M in  order t o  m inim ise  
enzym ic p h o sp h o ry la tio n  r e a c t io n s  during the tim e o f i s o l a ­
t i o n .  The components ob ta in ed  were d iv id e d  in to  two p o r t io n s  
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fa s h io n , w h ile  th e  o th er  was used f o r  the i s o l a t i o n  o f  the  
RITA by th e  procedure o f D avidson , F razer  and H utch ison  (1951)
During th e  cou rse  o f th e se  f r a c t io n a t io n  e x p e r i­
m en ts, sam ples o f  th e  m ito ch o n d r ia l and microsome f r a c t io n s  
were examined by Dr. I • M. Dawson o f the Chem istry Department 
o f  t h i s  U n iv e r s ity  in  the e le c tr o n  m icroscop e . The 
f r a c t io n s  were f ix e d  in  su cro se  w ith  osmic a c id ,  and then  
washed w ith  d i s t i l l e d  w ater to  remove the s u c r o s e . E le c tr o n  
m icrographs o f  m itoch ondria  and m icrosom es o b ta in ed  in  
su c r o se  are i l l u s t r a t e d  in  F ig # l9 a ,b .  C arefu l se a r c h in g  o f  
th e  f i e l d s  in  b o th  c a se s  showed th a t  th ere  was no contam ina­
t io n  o f  the m itoch on d ria  w ith  n u c le i ,  n u c lea r  d e b r is  or  
m icrosom es . S im ila r ly ,  th e re  was no con tam in ation  o f  th e  
m icrosom es w ith  m ito ch o n d r ia .
From th e  r e s u l t s  in  Table 1 8 , i t  i s  c le a r  th a t  th e  
r e s u l t s  o b ta in ed  in  th e  su cro se  experim ents are s im ila r  to  
th o se  ob ta in ed  in  s a l in e  in  th a t  the microsome f r a c t io n  
a ga in  e x h ib i t s  the lo w e st  uptake o f 2 h r . a f t e r  in j e c t io n  
Comparison o f the s p e c i f i c  a c t i v i t i e s  o f  th e  n u c le o t id e s  
from th e  AgS and RITA shows them to  be s im ila r  e x c e p t in  the 
c a se  o f u r id y l ic  a c id  w hich in v a r ia b ly  e x h ib i t s  a h ig h e r  
a c t i v i t y  in  the AgS than in  th e  RITA* This d iscrep a n cy  
makes i t  q u ite  c le a r  th a t th e re  i s  con tam in ation  o f  th e  
u r id y l ic  a c id  w ith  an organ ic  phosphate o f c o n s id e r a b le
F igu re  19 . E le c tr o n  m icrographs of (A) th e  
m ito ch o n d r ia l f r a c t io n  x  1 4 ,0 0 0  
and (B) th e  microsome f r a c t io n  
x  14 ,0 0 0  i s o la t e d  from  a homo- 
gen ate  o f  r a t  l i v e r  t i s s u e  in  




s p e c i f i c  a c t i v i t y ,  and t h i s  component has been d e s ig n a te d  
f,E” . In t h i s  ex p erim en t, components ,fAu and ’’B*1 were 
n o t se p a r a te d , and the f ig u r e s  quoted ap p ly  t o  the m ixture  
o f  the tw o. A l l  the components have proved to be p r e se n t  
in  ea ch  o f  th e  c y to p la sm ic  f r a c t i o n s . The com parison o f  
th e  a c t i v i t i e s  o f th e  n u c le o t id e s  w ith  th o se  o f th e  whole 
AgS make i t  q u ite  obviou s th a t  the a c t i v i t y  o f  the whole 
f r a c t io n  b ears no r e la t io n s h ip  w hatever to  th a t  o f  th e  
n u c le o t id e s .  Even th e  i s o la t e d  RNA has a s l i g h t l y  h ig h e r  
a c t i v i t y  than th a t o f  any o f  the n u c le o t id e s  d e r iv e d  from  
i t .
In v iew  of the f a c t  th a t  th e  au torad iograp h s i n d i ­
c a te d  th a t  th e  c h ie f  contam inant o f  u r id y l ic  a c id  wEft 
F i g . 15 la y  a t  the back edge o f  th e  u r id y l ic  a c id  s p o t ,  and 
th a t  nDw was lo c a te d  s l i g h t l y  in  fr o n t  o f  i t ,  i t  was d ec id ed  
to  a ttem p t to  o b ta in  th e  tru e  a c t i v i t y  o f  the u r id y l i c  a c id  
by c u t t in g  the sp o t  in to  th ree  a r e a s . The f i r s t ,  HEM, was 
c u t  1 cm. in s id e  the u l t r a v io l e t  ab sorb in g  area  ex te n d in g  
f&rm 3 cm* in  th e  d ir e c t io n  o f  g u a n y lic  a c id .  The secon d  
w hich was tak en  as uncontam inated u r id y l ic  a c id  extended  
from  th e  f i r s t  cu t to  the fr o n t  edge o f  th e  u r id y l ic  a c id  
s p o t ,  w h ile  th e  t h ir d ,  !,DU, com prised th e  3 cm. im m ediately  
in  f r o n t  o f u r id y l ic  a c id .  The r e s u l t s  o f  su ch  an e x p e r i­
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n u c le o t id e s  se p a r a ted  from th e  A^S and i s o la t e d  RNA o f  th e  
th r ee  cy to p la sm ic  f r a c t io n s  are  shown s id e  by s i d e .  I t  
i s  c le a r  from th e se  f ig u r e s  th a t  t h is  procedure i s  n o t by 
any means co m p lete ly  s a t i s f a c t o r y  s in c e  even the area  
taken to  r e p r e se n t  uncontam inated u r id y l ic  a c id  e x h ib i t s  
an a c t i v i t y  c o n s id e r a b ly  in  e x c e s s  o f the u r id y l ic  a c id  
from  th e  i s o la t e d  RNA. Of in t e r e s t  a ls o  a re  the f ig u r e s  
fo r  th e  a c i t i v i t i e s  o f the a rea s  UDW and UEU w hich e x p la in  
th e  h ig h  v a lu es  fo r  u r id y l ic  a c id  found when the e n t ir e  
area o f  u l t r a v io l e t  a b so rp tio n  i s  tak en .
3 .1 7  The C om position o f the RNA from th e  C ytoplasm ic  
F r a c t io n s .
The h e te r o g e n e ity  o f  the RNA o f th e  cy to p la sm ic
32fr a c t io n s  w ith  r e s p e c t  to  th e  uptake o f  P has been  
i l l u s t r a t e d ,  and itw as th e r e fo r e  d e s ir a b le  to  c o n sid er  th e  
co m p o sitio n  o f  the RNA from  th e  th ree  so u r c e s . The r e ­
s u l t s  i l l u s t r a t e d  in  Table 20 are  th e  f ig u r e s  o b ta in ed  f o r  
th e  a n a ly s is  of the RNA i s o l a t e d  from  the th ree  c y to p la sm ic  
f r a c t io n s  in  the experim ent c a r r ie d  out in  th e  p rev io u s  
s e c t io n .  From th e s e  f ig u r e s  i t  would appear th a t  th e re  
i s  no m ajor d i f f e r e n c e  between th e  f r a c t io n s ,  a lth o u g h  the  
g u a n y lic  a c id  co n ten t o f  the microsome RNA appears to  be 
somewhat h ig h er  than th a t o f the o th e r  two components o f  
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3 •1 8  The R e la t io n s h ip  between S p e c i f ic  A c t iv i t y  and Time
a f t e r  I n j e c t io n *
A s e r ie s  o f experim ents was c a r r ie d  out to  examine
th e v a r ia t io n  w ith  tim e o f s p e c i f i c  a c t i v i t i e s  o f  th e
n u c le o t id e s  from  the th ree  cy to p la sm ic  f r a c t io n s .  In
p rev io u s exp erim en ts w ith  r a ts  some d i f f i c u l t y  was found
in  r e la t in g  the f i n a l  a c t i v i t y  o f th e  n u c le o t id e s  to  the  
32dose o f  P a d m in is ter ed . I t  was th e r e fo r e  d ec id ed  t o  
carry  ou t t h i s  s e r ie s  o f experim ents on r a b b i t s , which  
have the advantage th a t  one anim al p ro v id es a l l  th e  
n e c e ssa r y  t i s s u e ,  thus o b v ia t in g  th e  p o s s i b i l i t y  o f  non- 
uniform  uptake by d i f f e r e n t  members o f th e  group. At th e  
same tim e by u s in g  r a b b it s  i t  was p o s s ib le  to  draw a sample 
o f  b lo o d  a t  any in t e r v a l  a f t e r  the in j e c t io n  o f i s o t o p e ,  
from  w hich the s p e c i f i c  a c t i v i t y  o f  the in o rg a n ic  phosphate  
o f  th e  b lood  co u ld  be d eterm in ed .
The procedure adop ted  was as fo l lo w s  
R a d io a c tiv e  phosphorus was a d m in istered  t o  fem ale  
r a b b its  o f  th e  same s t r a in  by in tram u scu lar  i n j e c t io n  in  
th e  th igh *  The dose o f used was 5 0 ^ ic . / l0 0  g* body 
w t. The a n im a l’s ears were then  sh aved , and a f t e r  2 hr* 
a. sample o f  b lood  (about 5 m l.)  was withdrawn from the e a r  
vein* T his was t r e a te d  w ith  0*5 v o l .  30$ (w /v) TCA*
The p r e c ip i ta t e d  p r o te in s  were removed by c e n t r i f u g a t io n ,
and th e  c le a r  su pern atant was then  tr e a te d  w ith  M ath isonfs
(1909) rea g en t fo r  p r e c ip i t a t io n  o f  in o r g a n ic  p h osp h ate .
T his p r e c ip i t a t e  was f i l t e r e d  o f f  through a Whatman n o .42
f i l t e r  pap er, washed w ith  ammonia, d is s o lv e d  in  N-HC1, and
was then used  fo r  th e  d e ter m in a tio n  o f  phosphorus and
r a d io a c t iv i t y .  The su p ern atan t from t h i s  p r e c ip i t a t e
p rov id ed  the b lood  a c id - s o lu b le  phosphate f r a c t io n .
At the end o f the ap p rop ria te  tim e in t e r v a l ,  the
anim al was k i l l e d  by c e r v ic a l  d i s lo c a t io n ,  a sample o f
b lood  c o l l e c t e d ,  the l i v e r  p erfu sed  w ith  s a l in e  and removed.
F r a c t io n a t io n  o f  the cy to p la sm ic  c o n s t i tu e n t s  was c a r r ie d
out by th e  S ch n eid er  (1948) procedure ( F ig .3 ) ,  w ashing o f
th e  f r a c t io n s  b e in g  o m itte d . These were th en  su b m itted
to  th e  m o d ified  Schm idt and Thannhauser (1945) procedure
( F ig .6 ) .  The n u c le o t id e s  were se p a r a ted  by io n o p h o r e s is
o f  th e  r ib o n u c le o t id e  (AgS) f r a c t io n ,  and a f t e r  e lu t io n
r a d io a c t iv i t y  and phosphorus d e term in a tio n s were c a r r ie d
o u t. In  order to overcome v a r ia t io n s  in  the amount o f  
32 P a d m in is te r e d , the r e s u l t s  o f s p e c i f i c  a c t i v i t y  determ in a­
t io n s  were c a lc u la te d  r e la t iv e  to  the s p e c i f i c  a c t i v i t y  o f  
the b lood  in o r g a n ic  phosphate a t  2 h r . from each  a n im a l, 
g iv in g  the " R ela tiv e  S p e c i f ic  A c t iv ity "  (R .S .A .) .
S p e c i f ic  A c t iv i t y
R e la t iv e  S p e c i f ic  A c t iv i t y  = o f  f r a c t i o n _____________ in 3
(R .S .A .)  S p e c i f ic  A c t iv i t y  o f  b lood
in o r g a n ic  phosphate a t  2 h r .
In  t h i s  s e r ie s  o f experim en ts the a c t i v i t y  o f  the  
u r id y l ic  a c id  was o b ta in ed  by ta k in g  on ly  the area  e x te n d ­
in g  from 1 cm. in  f r o n t  o f  the r ea r  edge o f  th e  u l t r a ­
v i o l e t  ab sorb in g  sp o t  to  the f r o n t  edge o f  the sam e, which  
a lth o u g h  n o t  g iv in g  an a ccu ra te  v a lu e  f o r  the a c t i v i t y  
was a t  l e a s t  a c o n s id e r a b le  improvement on ta k in g  th e  whole 
a r e a .
The r e s u l t s  o f t h i s  s e r i e s  o f exp erim en ts are  
i l l u s t r a t e d  in  F i g s . 2 0 , 2 1 , 2 2 , 23 and 2 4 . In  F i g .2 0 , th e  
v a r ia t io n  w ith  tim e a f t e r  in j e c t io n  o f th e  r e la t iv e  
s p e c i f i c  a c t i v i t i e s  o f  th e  b lood  in o r g a n ic  and a c id -  
s o lu b le  ph osphates ( 1 ,2 ) ,  whole cy top lasm  in o rg a n ic  and 
a c id - s o lu b le  phosphates (3 ,4 )  and o f  the w hole cytop lasm  
l i p i d  phosphorus (5) are i l l u s t r a t e d .  From t h i s  f ig u r e  
as m ight be ex p ected  i t  w i l l  be n o ted  th a t  th e  b lo o d  and 
t i s s u e  in o r g a n ic  phosphate (1 ,3 )  R .S -A .s  f a l l  very  r a p id ly  
over th e  f i r s t  18 h r . ,  a f t e r  w hich th e  s lo p e  o f  th e  cu rves  
becomes s im ila r  to  th o se  o f th e  b lood  and t i s s u e  a c id -  
s o lu b le  ph osp h ates (2 ,4 )  and l i p i d  phosphorus ( 5 ) .  The 
R .S .A . o f  the l i p i d  phosphorus on the o th er  hand r i s e s  
s t e a d i ly  from 2 h r . to  24 hr- b e fo re  b eg in n in g  to  f a l l .
In F ig s .  2 1 , 22 and 23 th e  v a r ia t io n  w ith  tim e o f  
R .S .A .s  o f th e  fo u r  n u c le o t id e s  d er iv ed  from each  o f th e  
th r e e  c y to p la sm ic  f r a c t io n s  in  tu rn  are  i l l u s t r a t e d .
Figure 20.
The variation with time of the re la t ive  
specific ac t iv i t ies  of som e components 
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1.Blood inorgan ic  phospha te .
2.Blood acid-soiublephosphate.
3 .Cytoplasm In o rg a n ic  phosphate .
4 .C y to p la sm  acid-soluble phosphate.




The v a r i a t i o n  with t im e  of the  re lat ive 
specific ac t iv i t ie s  of the nucleotides 
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Figure  23.
The v a r i a t i o n  w i t h  t i m e  o f  t h e  r e l a t i v e  
spec if ic  a c t iv i t i e s  of th e  n u c l e o t i d e s
der ived  f rom  t h e  RNA of  th e  superna tan t
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Prom th e se  f ig u r e s  i t  i s  apparent t h a t ,  c e r t a in ly  in  th e  
c a se  o f th e  m ito ch o n d r ia l and microsome f r a c t io n s ,  th e  
uptake o f  P in t o  th e  fo u r  n u c le o t id e s  fo l lo w s  e x a c t ly  
th e  same p a t te r n , a lth o u g h  th ere  m ight appear to be a t  any 
one tim e in t e r v a l  a c o n s id e r a b le  d if f e r e n c e  between any 
p a r t ic u la r  p a ir  o f n u c le o t id e s .  These d i f f e r e n c e s  how­
ever  are iro n ed  out when seen  in  th e  p e r sp e c t iv e  o f  th e  
whole cu rv e . In  th e  su p ern atan t f r a c t io n  ( P ig .23) u r i ­
d y l i c  a c id  and to  a l e s s e r  e x te n t  a d e n y lic  a c id  seem to  
behave in  a s l i g h t l y  d i f f e r e n t  fa s h io n  from the o th er  two 
n u c le o t id e s  a t  18 and 24 h r . In  the c a se  o f  u r id y l ic  
a c id  t h i s  i s  a lm ost c e r t a in ly  due to  con tam in ation  w ith  E^*1, 
w h ile  th e  one v a lu e  f o r  a d e n y lic  a c id  (18 h r . )  w hich i s  
anomalous m ight e a s i l y  be due to  e r r o r s . G en era lly  how­
e v e r ,  th e  p a tte r n  w hich emerges i s  th a t  th e  fo u r  n u c le o ­
t id e s  in  each  cy to p la sm ic  f r a c t io n  behave in  a s im ila r  
f a s h io n ,  rea ch in g  peak uptake o f P about 24 h r . a f t e r  
i n j e c t io n .
Comparison o f  th e  th r ee  f r a c t io n s  I s  made i n  P ig .24 
where th e  v a r ia t io n s  w ith  tim e o f the H .S .A .s  o f th e  
c y t i d y l i c  a c id  from  them i s  p lo t t e d .  Prom t h i s  f ig u r e  i t  
i s  c le a r  th a t  each  o f  th e  cy to p la sm ic  f r a c t io n s  behaves in  
the same way, a lth o u g h  a t  the e a r l i e r  tim e in t e r v a ls  th e re  
w ould appear to  be some d if f e r e n c e s  betw een them. These
Figure 2 4
The v a r i a t i o n  with t im e  of th e  r e l a t i v e  
specific  a c t i v i t i e s  of t h e  cyt idyl ic  a c id s  
d e r iv e d  f rom  the r ibonuc le ic  a c id s  of 









d i f f e r e n c e s ,  l ik e  th e  d i f f e r e n c e s  betw een the in d iv id u a l  
n u c le o t id e s  w ith in  a f r a c t io n ,  how ever, fad e in to  i n s i g ­
n i f ic a n c e  when co n sid ered  in  th e  p e r s p e c t iv e  o f  the r e s t  
o f the tim e c u r v e .
The l im it e d  number o f d e ter m in a tio n s  w hich have so  
f a r  been c a r r ie d  ou t make i t  im p o ss ib le  to p r e d ic t  th e  
lo c a t io n  o f  th e  maximum o f th e  curves p lo t t e d  in  P i g . 2 4 , 
but i t  would seem c e r ta in  th a t  t h i s  must f a l l  betw een 24 
and 48 h r . a f t e r  in j e c t io n .  I t  i s  o b v io u s ly  n e c e ssa r y  to  
carry  ou t many more exp erim en ts in  t h i s  s e r ie s  in  order to  
f i l l  in  the cu rve, and a l s o  to  overcome d i f f i c u l t i e s  due 
to  v a r ia t io n s  in  the m etab olism  o f  th e  p a r t ic u la r  an im als  
u sed . In view  o f th e se  c o n s id e r a t io n s  i t  i s  im p o ss ib le  
to  vouch f o r  each  o f th e  p o in ts  quoted on the f ig u r e s  a s  
b e in g  r e p r e s e n ta t iv e  o f a group o f a n im a ls , b u t the main 
f a c t s  em erging are th a t  each  o f  th e  n u c le o t id e s  in  any o f  
the cy to p la sm ic  f r a c t io n s  behaves in  th e  same manner as  
does the RNA from each fr a c t io n *
3 •1 9  The S p e c i f ic  A c t i v i t i e s  o f  th e  N u c le o tid e s  from  the
M itoch on d ria l F r a c t io n  o b ta in ed  by d i f f e r e n t  m ethods.
I t  has been shown th a t  the S p e c i f ic  A c t iv i t y  o f th e  
u r id y l ic  a c id  o b ta in ed  by io n o p h o r es is  o f th e  A^S f r a c t io n  
prepared as shown in  P i g .6 in d ic a te d  th a t  th ere  was con ­
ta m in a tio n  w ith  some h ig h ly  a c t iv e  m a te r ia l .  The work o f
8 1 .
M itc h e ll  and Moyle ( 1951a ,b ) su g g ested  th a t  t h i s  contam ina­
t io n  m ight be due to  g lycerop h osp h ate  w hich has a pK v a lu e  
in te r m e d ia te  betw een th a t o f  u r id y l ic  and g u a n y lic  a c id s .  
T his was t e s t e d ,  by the io n o p h o r e s is  o f  known q u a n t i t ie s  
o f u r id y l i c  a c id  p lu s  © ^-glycerophosphate. R e su lts  i n d i ­
c a te d  th a t  g lycerop h osp h ate  d id  in  f a c t  occupy a p o s i t io n  
o v er la p p in g  u r id y l ic  a c id  a f t e r  io n o p h o r e s is . V arious  
a ttem p ts were made to  f r e e  from con tam in ation  th e  AQS 
f r a c t io n  from a r a d io a c t iv e  m ito ch o n d r ia l p rep a ra tio n -  
These in c lu d e d  in c u b a tio n  w ith  a c id  phosphatase from  
p r o s t a t e ,  a lk a l in e  phosphatase from i n t e s t i n a l  mucosa 
and a ls o  treatm en t w ith  SN-HCIO^ a t  1 0 0 ° . I t  was found  
th a t  both  phosp hatases d estro y ed  th e  u r id y l ic  a c id ,  and 
th a t  the HCIO  ^ h y d r o ly s is  d id  n o t remove th e  contam inant.
A la r g e  sample o f m itochondria  from r a d io a c t iv e
r a t  l i v e r  was p rep ared , and d iv id e d  in to  3 p a r t s .  Prom
th e  f i r s t  o f  t h e s e ,  th e  A^S f r a c t io n  was prepared in  the
norm al fa s h io n , w h ile  the second p o r tio n  was u t i l i s e d  fo r
th e  i s o l a t i o n  o f the RNA- The th ir d  a l iq u o t  was tr e a te d
by procedure 3 o u t l in e d  in  P i g .7 y ie ld in g  what has been
c a l l e d  th e  A„S f r a c t io n .  Ion o p h o resis  o f  a l l  th r e e  o
h y d r o ly sa te s  was th en  c a r r ie d  o u t in  th e  u su a l maimer, the  
n u c le o t id e s  b e in g  e lu t e d ,  cou n ted  and th e  phosphorus con ­
t e n t  o f each  e lu a te  m easured. The r e s u l t s  o f t h i s
experim ent are i l l u s t r a t e d  in  Table 21 from w hich i t  i s  
c le a r  th a t  the primary o b je c t  has been o b ta in ed  by use o f  
procedure 3 ,  th e  u r id y l ic  a c id  a c t i v i t y  o f  th e  A^S 
f r a c t io n  approxim ating to  th a t o f the o th er  n u c le o t id e s .
At th e  same t im e , ex cep t in  the case  o f  u r id y l ic  a c id ,  
th e re  i s  b e t t e r  agreem ent betw een th e  s p e c i f i c  a c t i v i t i e s  
o f  th e  n u c le o t id e s  from  th e  A^S and A^S than between the  
A^S and RNA. The rea so n  fo r  t h i s  d iscrep a n cy  i s  n o t c le a r  
i t  may be due to  con tam in ation  o f  a l l  th e  n u c le o t id e s
o b ta in ed  by io n o p h o r e s is  from the A?S and A S f r a c t io n s .<5 3
T his however does n o t seem l i k e l y  as one m ight e x p e c t th a t  
a t  l e a s t  one o f th e  n u c le o t id e s  o b ta in ed  by th e se  methods 
would be f r e e  from  con tam in ation . Furtherm ore a u to ­
rad iograp h s o f  s t r ip s  o f paper on which io n o p h o r e s is  o f  
r a d io a c t iv e  A^S f r a c t io n s  had been c a r r ie d  out showed no 
ev id en ce  o f  con tam in ation  o f th e  n u c le o t id e  r e g io n .
One p o s s ib le  e x p la n a tio n  i s  th a t th e  f u l l  i s o l a t i o n  
o f  th e  RNA in v o lv e s  p r e c ip ita t io n , from g l a c i a l  a c e t i c  a c id ,  
and d e p r o te in is in g  by the method o f Sevag , Lackman and 
Sm olens (1 9 3 8 ) , procedures w hich a re  q u ite  d r a s t ic  and 
co u ld  b r in g  about p a r t ia l  d eg ra d a tio n  o f  the RNA* This  
d i f f i c u l t y  i s  o b v ia ted  by the u se  o f procedure 3 which does  
n ot r e q u ir e  th e  u se  of g l a c i a l  a c e t i c  a c id  or d e p r o te in is a -  
tio n *  I t  i s  p o s s ib le  th a t  the l a b e l l in g  o f the RNA i s
T ab le  2 1 .
The s pe c i f  i  c a c t  i v i  t i e s  (c  om it s /m i n . /  IQQpg • P ) o f  I*!*© 
n u c le o t id e s  o f th e  RNA o f  r a t  l i v e r  m itoch on d ria  ob­
ta in e d  by io n o p h o r e s is  o f  (a) h y d ro ly sed  RNA, (b) AgS 
( f i g . 6 ) ,  (c )  A^ S ( f i g . 7 ) .
n u c le o t id e  I s o ^ ed A„SRNA ^
A d en y lic  A c id  512 482
G uanylic A c id  297 412
GytidyJJLc A c id  
U r id y l ic  A c id  340
n o t hom ogeneous, and th a t  the more b i o l o g i c a l ly  l a b i l e  
phosphate groups are a ls o  the more c h e m ic a lly  l a b i l e .
I f  then  d u rin g  the i s o l a t i o n  o f  th e  RNA some l o s s  o f  th e  
more a c t iv e  n u c le o t id e s  occu rred , th e  a c t i v i t y  o f  the  
f i n a i  product would be low er than m ight have been e x p e c te d ,  
b u t t h i s  r e q u ir e s  fu r th e r  in v e s t ig a t io n .
3 .2 0  The D eterm in ation  o f th e  True S p e c i f ic  A c t i v i t i e s  o f  
a l l  fo u r  N u c le o t id e s , by Ion op h oresis  o f th e  A^S 
(procedure 5) from the th ree  C ytoplasm ic F r a c t io n s .
The p a r t ia l  i s o l a t i o n  o f  th e  RNA (procedure 3}
was then  a p p lie d  to  th e  a n a ly s is  o f  the n u c le o t id e s  from
th e th ree  cy to p la sm ic  f r a c t io n s  i s o la t e d  in  0 .25M -su crose .
The an im als were male a lb in o  r a t s ,  and th ey  r e c e iv e d  50 ^ac. 
32 P/lOO g . body w eigh t in tra m u scu la r ly  2 h r . b e fo re  
s a c r i f i c e .  The r e s u l t s  o f  s p e c i f i c  a c t i v i t y  d e term in a tio n s  
a re  i l l u s t r a t e d  in  Table 2 2 , from which i t  i s  c le a r  th a t  
th e  u r id y l ic  a c id  a c t i v i t y  i s  o f th e  same order a s th a t  
o f  th e  o th e r  n u c le o t id e s  in  each o f the cy to p la sm ic  
f r a c t i o n s .  Furtherm ore, th e  microsome f r a c t io n  a g a in  e x ­
h i b i t s  th e  lo w e st  a c t i v i t y ,  as was p r e v io u s ly  record ed .
In each  o f  th e  f r a c t io n s  the a c t i v i t i e s  o f  th e  n u c le o t id e s  
i s  c o n s id e r a b ly  l e s s  than th a t  o f  the w hole A^S d e s p ite  
th e  p a r t ia l  i s o l a t io n  p roced u re. This i s  in  accord  w ith  
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p lasm ic  f r a c t io n s  (Table 1 9 ) .  Of th e  n u c le o t id e s ,  
a d e n y lic  a c id  e x h ib it s  th e  h ig h e s t  a c t i v i t y  in  each  o f  
th e  f r a c t i o n s ,  w h ile  g u a n y lic  a c id  i s  in v a r ia b ly  found  
to  have the lo w e st  a c t i v i t y .
. 85
PART IV -  DISCUSSION *
4 .1  Methods o f  A n a ly s is  o f  RNA.
S in ce  the developm ent o f  th e  tech n iq u e  o f  chrom ato­
graphy on f i l t e r  paper by Consden, Gordon and M artin  (1 9 4 4 ) ,  
numerous auth ors have sou gh t to  ap p ly  s im ila r  methods to  
th e  s e p a r a t io n  o f  th e  d eg ra d a tio n  products o f  RNA w ith  a 
view  to  i t s  a n a ly s i s .  V isch er  and C hargaff in  1947 f i r s t  
in v e s t ig a te d  th e  p o s s i b i l i t i e s  o f  chromatography in  t h i s  
r e s p e c t ,  and in  th e  fo l lo w in g  y e a r  th ey  (1948a) d e sc r ib e d  
the se p a r a tio n s  o f purine and p yrim id in e b a ses  as w e l l  a s  
s e v e r a l  r e la t e d  compounds a ch iev ed  by th e  u se  o f a v a r ie t y  
o f  s o lv e n t s .  They n ex t tu rn ed  t h e ir  a t t e n t io n  to  th e  
h y d r o ly s is  and a n a ly s is  o f sam ples o f RNA (V isch er  & Char­
g a f f ,  1 9 4 8 b ), u t i l i s i n g  two o f  th e  p r e v io u s ly  s tu d ie d  
s o lv e n t  sy s tem s . The procedure was tw o fo ld , a p re lim in a ry  
h y d r o ly s is  w ith  m eth an olic  HC1, fo llo w e d  by form ic a c id  
h y d r o ly s is  o f  the pyrim id ine r e s id u e s , and proved to  be 
r a th er  com p lica ted  and by no means q u a n t i t a t iv e .  The 
a n a ly s is  o f  a sam ple o f  y e a s t  RNA by t h i s  method i s  in c lu d e d  
in  Table 2 3 . About th e  same tim e , H otch k iss (1948) s tu d ie d  
th e  s e p a r a t io n  o f  p u rin e and p yrim id in e b a ses  and n u c le o ­
s id e s  on f i l t e r  paper u s in g  n -b u ta n o l sa tu r a te d  w ith  w ater  
as th e  s o lv e n t .  P re lim in ary  experim en ts w ith  th e  p u r if ie d  
m a te r ia ls  proved rea so n a b ly  s a t i s f a c t o r y ,  but once a g a in  
th e  h y d r o ly s is  o f RNA proved to  be a p i t f a l l .
Table 2 3 .
The com p osition  o f  the RNA from  s e v e r a l  d i f f e r e n t  so u rc es  
as determ ined  by v a r io u s  a u th o rs . A l l  r e s u l t s  have been  
c a lc u la te d  r e l a t i v e  to  a d e n y lic  a c id  as 10 .
Source o f  Adeny- Gruany- C y tid y - U ridy- R eferen ce






Y ea st 1 0 .0 9 .7 9 .4
Y e a st 1 0 .0 9 .7 6 .1
Y ea st 1 0 .0 9 .6 7 .5
Y east 1 0 .0 1 0 .6 8 .6
Y ea st 1 0 .0 1 0 .5 8 .0
Y e a st 1 0 .0 5 .4 5 .9
Y e a st 1 0 .0 1 2 .2 7 .8
Y ea st 1 0 .0 1 0 .8 7 .9
Y e a st 1 0 .0 9 .7 9 .4
Y e a st 1 0 .0 1 2 .3 7 .8
Y ea st 1 0 .0 12 .4 8 .8
P ig  Pancreas 1 0 .0 24 • 5 1 2 .5
P ig  Pancreas 1 0 .0 2 2 .5 9 .8
P ig  Pancreas 1 0 .0 2 4 .5 1 2 .6
P ig  L iv er 1 0 .0 1 6 .3 1 6 .1
Sheep L iv er 1 0 .0 1 6 .8 1 3 .4
B eef L iv er 1 0 .0 1 4 .6 1 0 .9






V isch er  & C hargaff 
(1948b)
C hargaff e t  a l .  
(1950*
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Sm ith & Markham I 
(1950)
Wyatt (1951)
3 .1 B eale  e t  a l .  (1950) [
1 1 .2
1 0 .4





V isch er  & C h argaff I 
(1948b)
C hargaff e t  a l . (1950)1
2 .8 B ea le  e t  a l*  (1950) 1
7 .7 C hargaff e t  a l . (1950)?
5 .6 tt it j
6*6 it «
5 .3 it it
Table 25 (C o n td .)
Source o f  Adeny-
RNA l i e
A cid
C a lf L iv er 1 0 .0
C a lf L iv er 1 0 .0
C a lf S p leen 1 0 .0
C a lf Thymus 10-0
C a lf Pancreas 30.0
B eef P ancreas 30.0
R abbit L iv er 1 0 .0
R abbit L iv er 1 0 .0
R abbit L iv er 1 0 .0
R abbit L i v e # 1 0 .0
Rat L iv er 1 0 .0
R eg en era tin g
Rat L iver 1 0 .0
Rat L iv er 10-0
Rat L iv er 1 0 .0
Rat L iver 1 0 .0
Rat L iv er 1 0 .0
Rat L iv e # ' 10 -0
Rat L iver* 1 0 .0
Mouse L iv er 1 0 .0
Mouse Hepa­ 1 0 .0
toma
Care inom atousi Human
U n a ffec ted
T issu e 10-0
G-uany- C y tid y - Ur id}
l i c l i c l i e
A cid A cid A cid
1 8 .0 1 4 .9 8 .4
1 8 .8 1 6 .1 8 .7
1 9 .8 1 7 .7 8 .6
2 3 .2 1 4 .2 6 .7
3 5 .1 1 7 .1 9 .7
2 3 .0 1 0 .0 3 .9
2 0 .1 1 6 .8 9 .9
1 9 .2 1 6 .1 9 .5
1 8 .8 1 3 .9 1 0 .9
1 6 .9 1 4 .6 1 0 .3
1 7 .2 1 8 .9 8 .6
1 9 .0 1 8 .3 9 .3
1 7 .6 1 5 .9 1 1 .2
1 7 .7 16 • 6 1 2 .3
1 7 .2 1 4 .9 9 .5
1 7 .7 1 4 .5 10 .4
1 7 .5 1 3 .9 1 0 .9
1 7 .6 1 4 .3 1 0 .8
1 6 .2 1 2 .9 8 . 6
1 5 .5 1 5 .5 8 .3
L iver
3 2 .9 2 8 .8 8 .3
R eferen ce  
V olk in  & C arter  (1951c
it tt
ti tt
«  . tt
tt tt
Boulanger & M on treu il 
(1951b) J
V olk in  & C arter(1951a )
tt tt
Current E xp er im en ts. 
Current E xp erim en ts.









«  I t  j
V olk in  & C arter  (195 l a  j
tt tt
C hargaff e t  a l . (1950)
Table 25 (C o n td .) 
Source o f  Adeny- Guany- C ytidy






M etasta ses 10 .0 4 1 .4 4 3 .2
GRCH 15 Fowl 
Tumour 1 0 .0 3 3 .6 2 0 .1
Cock L iver* 1 0 .0 1 6 .5 13 *4
Cock L iv er* 1 0 .0 1 7 .7 1 3 .9
L iv er  from  
L aying Hen* 1 0-0 1 6 .7 1 3 .6
L iv er  from  
Cock b ear in g  
GRCH 15 
Tumour* 1 0 .0 1 8 .1 1 4 .5
GRCH 15 Tumour 
from C ock* 1 0 .0 1 8 .4 1 4 .5
U rid y- R eferen ce
l i e
A cid
7 .2  C h argaff e t  a l . (1950)
9 .0  B ea le  e t  a l .  (1950)  
10*3 C urrent E xp erim en ts. 
10.8 11 11
10.2 « w
11.1 *  *
^ A n a ly sis  was c a r r ie d  out on th e  p a r t i a l l y  
i s o l a t e d  RNA o b ta in ed  by procedure 3 -
Markham and Sm ith (1949 a ,b )  d e sc r ib e d  a method fo r  
th e  d e t e c t io n  on f i l t e r  paper o f sp o ts  c o n ta in in g  th e  purine  
or p yrim id in e b a s e s ,  based  on t h e ir  s tr o n g  u l t r a v i o l e t  
a b so r p tio n  and a ls o  rep o rted  on the s e p a r a t io n  o f  th e  pu rin e  
and p yrim id in e  b a s e s , n u c le o s id e s  and s e v e r a l  r e la te d  com­
pounds in  d i f f e r e n t  s o lv e n t  sy stem s.
The s e p a r a t io n  o f m onon ucleotides by paper chrom ato­
graphy was f i r s t  d e sc r ib e d  b y  V isc h e r , Magasanik and Char­
g a f f  (1 9 4 9 ) , and was u t i l i s e d  fo r  th e  a n a ly s is  o f  some s p e c i ­
mens o f  RNA (C h arga ff, M agasanik, D oniger & V isc h e r , 1 9 4 9 ) . 
T his p roced u re , which d id  n o t o b ta in  r e s o lu t io n  o f  g u a n y lie  
and u r id y l i c  a c id s ,  made use of a system  composed o f  i s o -  
b u ty r ic  a c id /w a te r  in  an atm osphere o f  ammonia, was l a t e r  
m o d ified  by M agasanik, V isc h e r , D on iger , E lson  and C hargaff 
(1950) by in c o r p o r a t in g  th e  ammonia in  th e  s o lv e n t  i t s e l f .  
U sin g  t h is  te c h n iq u e , d e term in a tio n  o f  g u a n y lie  a c id  and 
u r id y l i c  a c id  was c a r r ie d  out by d i f f e r e n t i a l  sp e c tr o p h o to ­
m etry . C h a rg a ff, M agasanik, V isc h e r , Green, D oniger and 
E lson  (1950) th en  a p p lie d  th e  method to  th e  a n a ly s is  o f  RNA 
from y e a s t  and s e v e r a l  mammalian t i s s u e s ,  th e  r e s u l t s  o f  
which are i l l u s t r a t e d  in  Table 23 .
Sm ith and Markham (1950) c a r r ie d  ou t c a r e fu l  s tu d ie s  
o f  th e  se p a r a t io n  o f  th e  components o f  y e a s t  RNA o b ta in ed  
by h y d r o ly s is  w ith  HC1, and were a b le  to  o b ta in  c o n s i s t e n t
f ig u r e s  f o r  i t s  a n a ly s is  by se p a r a t io n  o f  the p u rin e b ases  
and p yrim id in e n u c le o t id e s  o b ta in ed  by t h i s  h y d r o ly s is .
The r e s u l t s  o f su ch  an a n a ly s is  are shown in  Table 2 3 .
T his method was then a p p lie d  by Markham and Sm ith (1950) 
to  the stu d y  o f  v ir u s  RNA* The use o f  s ta r c h  columns 
was co n tin u ed  by B e a le , H arris and Roe (1950) who sep a ra ted  
th e  fou r  n u c le o s id e s  by means o f  an n -b u ta n o l/w a te r  sy stem  
a t  room tem p. Two methods o f  h y d r o ly s is  were u t i l i s e d ;  
f i r s t l y  th e  aqueous p y r id in e  method o f B red ereck , M artin i 
and R ic h te r  (1 9 4 1 ) , and seco n d ly  the h y d r o ly s is  o f  the  
n u c le o t id e s  o b ta in ed  by a lk a l in e  h y d r o ly s is  o f  the RNA 
u s in g  human p r o s ta te  a c id  p h osp hatase (Schm idt, G u b iles & 
Thannhauser, 1947) which proved to  be more s a t i s f a c t o r y .
By t h i s  method B eale e t  a l .  (1950) were a b le  to  o b ta in  
f ig u r e s  f o r  the com p osition  o f  some d i f f e r e n t  sam ples o f  
RNA w hich are shown in  Table 2 3 .
C arter  (1950) proposed the u se  o f s e v e r a l  b u ffe r e d  
s o lv e n t  system s fo r  th e  se p a r a t io n  of var iou s d eg ra d a tio n  
prod u cts o f  RNA, and has a p p lie d  one o f th e se  to  th e  a n a ly s is  
o f  a specim en o f  y e a s t  RNA h yd ro ly sed  to  the m on on u cleo tid es  
w ith  barium h yd rox id e . In  t h i s  c a se  th ere  was no r e ­
s o lu t io n  o f c y t i d y l i c  and u r id y l ic  a c id s ;  m oreover i t  I s  
c le a r  from  the f ig u r e s  quoted (Table 23) th a t  th e r e  i s  an  
enormous preponderance o f  u r id y l ic  a c id ,  w h ile  th e  v a lu e
88 .
f o r  c y t i d y l i c  a c id  i s  low . T h is would su g g e s t  th a t  th e  
h y d r o ly s is  w ith  b aryta  has brought about d eam ination  o f  
th e  c y t i d y l i c  a c id  a s  d e sc r ib e d  by Marrian e t  a l -  (1951) 
and confirm ed above.
F urth er  improvements on th e ir  e a r l ie r  m ethods o f  
a n a ly s is  o f  RNA were made by Markham and Sm ith (1 9 5 1 ) , who 
a ls o  d e sc r ib e d  the s e p a r a t io n  o f  n u c le o t id e s  on paper u s in g  
a s o lv e n t  system  composed o f  ammonium su lp h a te , w ater and 
iso p r o p a n o l. This s o lv e n t ,  l ik e  th o se  o f  C arter (1 9 5 0 ) ,  
d id  n o t r e s o lv e  th e  two p yrim id in e n u c le o t id e s  a lth o u g h  
the iso m er ic  pu rin e n u c le o t id e s  were sep a ra ted  from one 
a n o th er . The tech n iq u e  o f  chromatography o f th e  p u rin e  
b ases and p yrim id in e  n u c le o t id e s  was a l s o  improved a lth o u g h  
th e  au th o rs found i t  n e c e ssa r y  to  app ly  a c o r r e c t io n  f o r  
h y d r o ly s is  o f  th e  p yrim id in e n u c le o t id e s  which s u g g e s ts  
th a t  the c o n d it io n s  were n ot so  q u a n t ita t iv e  a s m ight have 
been d e s ir e d .
Wyatt (1951) u s in g  th e  method o f  h y d r o ly s is  w ith  p e r ­
c h lo r ic  a c id  d e sc r ib ed  by Marshak and V ogel (1950a) and a 
s o lv e n t  system  o f isop rop an o l/H C l o b ta in ed  e x c e l l e n t  
se p a r a t io n s  o f a l l  fo u r  bases produced by the h y d r o ly s is  o f  
RNA. He found f ig u r e s  fo r  the a n a ly s is  o f  a specim en o f  
y e a s t  RNA comparable w ith  th o se  found by Sm ith and Markham 
(1950) fo r  th e  same specim en o f  RNA by t h e i r  method (Table  
2 3 ) .  There appears however to  be a s l i g h t  d iscrep a n cy
between the two methods s in c e  Markham and Sm ith (1951) in  
a subsequent paper app ly  a 5$ upwards c o r r e c t io n  f o r  the  
h y d r o ly s is  o f  th e  p yrim id in e  n u c le o t id e s .  When such a 
c o r r e c t io n  i s  a p p lie d  to  th e  a n a ly s is  o f  y e a s t  RNA quoted  
by Sm ith and Markham (1950) (Table 2 3 ) ,  th e  v a lu e s  o b ta in ed  
f o r  th e  p yrim id in e  n u c le o t id e s  are  a p p re c ia b ly  h ig h e r  th a n  
th o se  found by Wyatt (1951) (Table 2 5 ) .  Very r e c e n t ly ,  
Boulanger and M ontreu il (1 9 51a ,b ) have d e sc r ib e d  th e  use o f  
s e v e r a l  p h en o lic  s o lv e n ts  fo r  the q u a n t ita t iv e  s e p a r a t io n  
o f  the r ib o n u c le o t id e s ,  and have a p p lie d  th e s e  to  the  
a n a ly s is  o f  sam ples o f RNA h y d ro ly sed  w ith  ammonium or  
sodium hyd rox id e (Table 2 3 ) .  In  t h i s  c a se  th e  n u c le o t id e s  
were d e te c te d  by means o f  th e  phosphate d e te c t in g  spray  
r ea g en t o f  Hanes and Isherwood (1 9 4 9 ) , and e s t im a t io n  was 
c a r r ie d  out by phosphorus d e term in a tio n s on d u p lic a te  
chrom atogram s.
A new departure was made by Cohn (1949) when he made 
u se o f  an ion  and c a t io n  exchange r e s in s  t o  se p a r a te  th e  
b a ses and n u c le o t id e s  from  m ixtu res o f  th e  pure m a te r ia ls ,  
and a l s o  o f  th e  n u c le o t id e s  o b ta in ed  by a lk a l in e  h y d r o ly s is  
o f  y e a s t  RNA. In  a l l  th e se  ex p er im en ts , good r e c o v e r ie s  
were o b ta in e d , and th e  r e s u l t s  were very  p rom isin g . The 
tech n iq u e  was fu r th e r  improved by Cohn (1950) who a c h iev e d  
good se p a r a t io n s  o f  a l l  th e  n u c le o t id e s ,  and dem onstrated
9 0 .
th e  p resen ce  o f  th e  iso m e r ic  a d e n y lic  and g u a n y lic  a c id s  
in  sam ples o f  r a t  l i v e r  RNA.. V o lk in  and C arter (1951a)  
made u se  o f  t h is  tec h n iq u e  to  a n a ly se  s e v e r a l  specim ens o f  
RNA from anim al t i s s u e s ,  th e  r e s u l t s  o f  w hich are shown in  
Table 23.
During t h i s  t im e , the p u re ly  chem ical methods o f  
a n a ly s is  were n o t  e n t ir e ly  n e g le c te d . Thus K err, S e r a i-  
d arian  and Wargon (1 9 4 9 a ,b ) d e sc r ib e d  a method b a sed  on the 
p r e c ip i t a t io n  o f th e  p u rin e  b a se s  from su lp h u r ic  a c id  
h y d r o ly sa te  o f RNA w ith  s i l v e r  s u lp h a te , le a v in g  the p y r im i­
d in e  n u c le o t id e s  in  s o lu t io n .  The two groups o f  su b sta n ces  
were then  determ ined by d i f f e r e n t i a l  sp ectrop h otom etry . 
F a ir le y ,  Seagram and L oring (1950) su b seq u en tly  made use o f  
a s im i la r  tech n iq u e  to  exam ine the RNA o f  th e  m ito ch o n d r ia l  
f r a c t io n  o f  b e e f  p a n cr e a s .
The c r i t e r i a  o f  a s a t i s f a c t o r y  method o f a n a ly s is  o f  
RNA f o r  our purposes were as fo l lo w s
1 . The method o f  h y d r o ly s is  must y i e l d  th e  m o n o n u c leo tid es .
2 . The h y d r o ly s is  to  m on on ucleotides must be q u a n t i t a t iv e ,  
and must in v o lv e  no in te r c o v e r s  ion  o f  th e  breakdown 
p r o d u c ts .
3 .  The method o f s e p a r a t io n  must be adequate f o r  a l l  fo u r  
n u c le o t id e s .
4 .  The method o f  e s t im a t io n  o f  the sep a ra ted  components 
must be a c cu ra te  and v a l id .
E xam ination o f  a l l  the methods a v a i la b le  made i t  c le a r  
th a t  v e r y  few  were th e r e fo r e  s u ita b le  f o r  our p u rp o ses . 
Methods in v o lv in g  se p a r a tio n s  o f  th e  b ases and n u c le o s id e s
<zp
were r u led  o u t s in c e  fo r  is o to p e  s tu d ie s  u s in g  P i t  was 
n e c e ssa r y  to  use th e  n u c le o t id e s , but even th e  methods o f  
s e p a r a t io n  o f  th e  n u c le o t id e s  were in  some in s ta n c e s  u n s u it ­
a b le  s in c e  th ey  d id  n o t a c h iev e  r e s o lu t io n  o f  a l l  fo u r  com­
ponents (C a rter , 1950; Magasanik e t  a l . ,  1950; and Markham 
and S m ith , 1 9 5 1 ) . The tech n iq u e o f  Cohn (1950) appears to  
be q u ite  s u i t a b l e ,  but was n ot p u b lish ed  u n t i l  much o f  our 
work was in  p r o g r e s s , and in  a d d it io n  i t  cou ld  n o t be 
r e a d ily  adapted  to  the sm a ll q u a n t i t ie s  o f  m a te r ia l  a t  our  
d is p o sa l*  The paper chrom atographic method o f  B oulanger  
and S o n tr e u il  (1951), l ik e w is e ,  was n o t  p u b lish e d  u n t i l  
much o f  our work was 'Completed, but i t  s u f f e r s  from  th e  d i s ­
advantage t h a t  th e  sp o ts  cannot be e x a c t ly  lo c a te d  on the  
chromatogram w hich  i s  t o  be u sed  f o r  'a n a ly s is . The p resen ce  
o f  phenol p r ec lu d es th e  lo c a t io n  o f  th e  n u c le o t id e s  b y  th e  
method o f  H o lid ay  and Johnson (1949) or Markham and Sm ith  
(1 9 4 9 a ). B oulanger and, M ontreu il lo c a t e  th e  n u c le o t id e s  
on a  d u p lic a te  chroim togram  by u s in g  th e  Hanes and I s h e r -  
wood (1949) r ea g e n t f o r  th e  d e t e c t io n  o f  p h o sp h a tes , a method 
w hich i n  our hands has n o t  proved s a t i s f a c t o r y  f o r  th e  d e ­
t e c t i o n  o f  th e  n u c le o t id e s *
4*2 The Technique o f  Io n o p h o resi3 .
I t  has been dem onstrated  th a t  a t  th e  tim e o f  commence­
ment o f  th e se  s t u d ie s ,  none o f  th e  e x i s t in g  methods fo r  the  
a n a ly s is  o f RNA was s u i t a b le ,  and th a t  i t  was n e c e s s a r y  t o  
adopt a new approach to  th e  problem . I t  was th e r e fo r e  
d ec id ed  to  attem p t a se p a r a t io n  o f  th e  n u c le o t id e s  b ased  on  
t h e i r  d i f f e r in g  m o b i l i t i e s  in  an e l e c t r i c  f i e l d .  The 
photographs In  F i g s .11 and 12 make i t  c le a r  th a t  an adequate  
s e p a r a t io n  o f the n u c le o t id e s  can be a ch iev ed  by the method 
o f  io n o p h o r e s is  on f i l t e r  paper, w h ile  the r e s u l t s  i l l u s t r a t ­
ed in  T ables 3 and 4 show th a t the r e c o v e r ie s  o f  the pure  
m a te r ia ls  from the paper are  s a t i s f a c t o r y .  The f ig u r e s  
shown in  T able 8 dem onstrate th a t  the RNAP i s  l ib e r a t e d  
q u a n t i t a t iv e ly  in to  the m a te r ia l to  be a n a ly sed  on in cu b a­
t io n  w ith  a l k a l i  and a c i d i f i c a t i o n ,  w h ile  from  T able 7 I t  
w i l l  be seen  th a t  a lth o u g h  a lk a l in e  h y d r o ly s is  can  cau se  
in te r c o n v e r s io n  o f  c y t i d y l i c  a c id  and u r id y l i c  a c id  t h i s  
does n o t occu r i n  the c o n d it io n s  u t i l i s e d .  From t h i s  Table  
a l s o  i t  w i l l  be noted  th a t  u s in g  0 .3 N - a lk a l i  a l l  th e  o r ig in ­
a l  m a te r ia l  was reco v ered  as n u c le o t id e  phosphorus. In  
th e  case  o f the sam ples o f  I s o la t e d  RNA s tu d ie d  (T able 9) 
th e  n u c le o t id e  phosphorus rec o v er ed  accou n ted  f o r  about 93$  
o f  th e  o r ig in a l  RNAP, in d ic a t in g  t h a t  th e  h y d r o ly s e s ,  
se p a r a tio n s  and e s t im a t io n s  i f  n o t a b s o lu te ly  quaa t i t a t i v e
were very c lo s e  to  b e in g  so  e s p e c ia l ly  s in c e  i t  seemed n o t  
im p o ss ib le  th a t  the 7$  phosphorus unaccounted fo r  m ight 
n o t a l l  have been  n u c le o t id e  phosphorus i n i t i a l l y .
The method o f  phosphorus d e term in a tio n  was w e l l  
e s t a b l i s h e d ,  and has been c a r e fu l ly  checked in  r e sp e c t  o f  
i t s  u se  as a means o f  e s t im a t in g  th e  q u a n tity  o f  mono­
n u c le o t id e  (Table 5 ) .  The o v e r a l l  v a l id i t y  o f  th e  method 
o f  io n o p h o r e s is  has been fu r th e r  checked by com parison o f  
th e  a n a ly s is  o f  m ix tu res o f  n u c le o t id e s  and o f sam ples o f  
RNA w ith  r e s u l t s  ob ta in ed  by the t o t a l l y  d i f f e r e n t  method 
o f  chromatography o f  th e  b a ses  (T ables 6 and 9 ) .  These 
ta b le s  in d ic a te  th a t  in  th e  c a se s  o f a d e n y lic ,  g u a n y lie  and 
cy t id y  l i e  a c id s ,  good agreem ent i s  o b ta in ed ; in  th e  c a se  
o f  u r id y l i c  a c id ,  how ever, th e  io n o p h o r e tic  v a lu e  i s  In ­
v a r ia b ly  s l i g h t l y  h ig h er  than th a t o b ta in ed  by chrom ato­
graphy o f  th e  b a s e s . Experim ents c a r r ie d  out on th e  r e ­
covery  o f  u r id y l ic  a c id  based  on phosphorus e s t im a t io n s  and 
a l s o  on u l t r a v io l e t  d e term in a tio n s on th e  e lu a te s  from  
Io n o p h o re tic  runs showed q u ite  c le a r ly  th a t  th e  u r id y l ic  
a c id  reco v ered  was th e  same w hether determ ined  by phosphorus 
or u l t r a v i o l e t  m easurem ents. Moreover t h is  accounted  a lm o st  
e x a c t ly  f o r  th a t  a p p lie d  to  th e  paper i n i t i a l l y  b oth  in  
term s o f  phosphorus and w e ig h t . F in a l ly  Dr. C ro sb ie , who 
c a r r ie d  out th e  base chrom atography, has concluded  th a t  
th e r e  i s  a lo s s  o f  u r a c i l  in  th e  cou rse  o f  the p e r c h lo r ic
a c id  h y d r o ly s is .  I t  would appear th e r e fo r e  th a t  the io n o ­
p h o r e t ic  method fo r  the a n a ly s is  o f  RNA s a t i s f i e s  th e  
c r i t e r i a  s e t  ou t ab ove , and can be adopted as a v a l id  
m ethod.
The com p osition  o f  RNA from d i f f e r e n t  so u rces  d e ­
term ined  by io n o p h o r es is  o f the n u c le o t id e s ,  and by th e  
o th er  methods d is c u s se d  above i s  shown in  Table 2 3 , w hich  
a l s o  in c lu d e s  th e  r e s u l t s  o b ta in ed  from th e  a n a ly s is  o f  
th e  p a r t i a l l y  i s o la t e d  RNA o b ta in ed  by th e  s a l in e  e x tr a c t io n  
o f  th e  l i p i d  fr e e  t i s s u e  powder (Procedure 3 ) .  These 
f ig u r e s  in d ic a te  t h a t  th e  io n o p h o r e tic  method y i e ld s  r e ­
s u l t s  which are comparable w ith  th e  more r e c e n t  and more 
c a r e f u l ly  e s ta b l is h e d  te c h n iq u e s . In  th e  c a se  o f  th e  
sam ples o f  y e a s t  RNA th e r e  i s  c o n s id e r a b le  v a r ia t io n  In  the  
a n a ly s is  f i g u r e s . I t  i s  d i f f i c u l t  to  e s t im a te  to  what 
e x te n t  th e s e  v a r ia t io n s  are due to  the method o f  i s o l a t i o n  
o f  the RNA, and to  what e x te n t  th ey  are due to  f a u l t s  in  
th e  methods o f  a n a ly s i s ,  but i t  would appear th a t  th e  d e­
gree  o f d eg ra d a tio n  o f  the RITA i s  g r e a t ly  dependent on  
the I s o la t i o n  p roced u re, and th a t  t h i s  can a l t e r  c o n s id e r ­
a b ly  th e  co m p o sitio n  o f  th e  f i n a l  m a te r ia l.
In  th e  ca se  o f  the RNA from anim al t i s s u e s ,  two f a c t s  
are  a p p a ren t, th e  h ig h  c o n te n t o f  g u a n y lie  a c id  in  every  
sam p le , and th e  h ig h  c y t id y l i c  a c id  v a lu e . These r e s u l t s
have been o b ta in ed  by a v a r ie ty  o f  tech n iq u es  o f a n a ly s is  
a p p lie d  to  numerous t i s s u e s ,  and i t  would appear th e r e fo r e  
th a t  the h ig h  g u a n y lic  and c y t i d y l i c  a c id  c o n te n t  o f  the  
t i s s u e s  s tu d ie d  i s  in  f a c t  c h a r a c t e r i s t i c .  In  RNA from  
pancreas and from  tumour t i s s u e s ,  th e  g u a n y lic  a c id  c o n te n t  
i s  g r e a t ly  in c r e a se d . The h ig h  c o n c e n tr a tio n  o f  r ib o -  
n u c le a se  in  pancreas ren ders th e  r e s u l t s  f o r  th a t  t i s s u e  
s u s p e c t ,  s in c e  d egrad ation  o f  RNA by t h i s  enzyme p r e fe r ­
e n t i a l l y  removes th e  p yrim id in e n u c le o t id e s  and a d e n y lic  
a c id ,  le a v in g  a core very  r ic h  in  g u a n y lic  a c id  (Magasanik 
& C h a rg a ff, 1 9 5 1 ) .
S im ila r  c o n s id e r a t io n s  may apply to  th e  RNA from  tumour 
t i s s u e  s in c e  h ere  a g a in  h ig h  g u a n y lic  a c id  v a lu e s  are r e ­
corded (B eale  e t  a l . ,  1950; C hargaff e t  a l . , 1 9 5 0 ) . In  
our a n a ly s e s  o f  th e  GRCH 15 tumour o f th e  fow l when p ro­
cedure 3 was a p p lie d , I . e . ,  when any r ib o n u c le a se  would  
have minimum o p p o rtu n ity  to  degrade the RNA, th e  v a lu e s  
quoted were o b ta in ed . On one o c c a s io n  when th e  cy to p la sm ic  
m a te r ia l  rem ain ing a f t e r  the i s o l a t i o n  o f  n u c le i  in  c i t r i c  
a c id  was u sed , a f t e r  s ta n d in g  a t  room tem perature fo r  some 
t im e , v a lu e s  s im ila r  to th o se  ob ta in ed  by B ea le  e t  a l .
(1950) were o b ta in ed .
4*3 The A n a ly s is  o f  th e  Schmidt and Thannhauser (1945)
R ib o n u c leo tid e  F r a c t io n .
The e x a c t n a tu re  o f  th e  AgS f r a c t io n  o b ta in ed  by th e
a p p l i c a t i o n  o f  th e  Schm idt and T h an n h au se r (1945) p r o ­
c e d u re  h a s  f o r  some tim e  b een  th e  s u b je c t  o f  c o n tro v e rsy *  
Thus num erous a u th o r s  ( J e e n e r ,  1949& ,b; M arshak & C a l-  
v e t ,  1949 ; M arshak & V o g e l, 1950b ; J e e n e r  & S z a f a r z ,  1950 
a , b ;  D av id so n , F r a z e r  & H u tc h is o n , 1951) have  commented 
upon t h e  p re s e n c e  in  t h i s  f r a c t i o n  o f  in o rg a n ic  p h o sp h a te  
w h ic h  th e y  h a v e  fo u n d  d i f f i c u l t  to  remove by p u r e ly  ch em i­
c a l  m e th o d s . R e c e n tly  S z a fa rz  and F a t e r n o t t e  (1951) 
h a v e  d e s c r ib e d  I n  d e t a i l  a c h ro m a to g ra p h ic  m ethod f o r  I t s  
re m o v a l,  w ith o u t  how ever a c h ie v in g  s e p a r a t io n  of th e  n u c le o ­
t i d e s  from  one a n o th e r .  The io n p h o r e t ic  a n a l y s i s  w h ich  
h a s  b een  d e s c r ib e d ,  n o t  o n ly  a c h ie v e s  th e  rem oval o f  a l l  
i n o r g a n ic  p h o sp h a te  from  t h i s  f r a c t i o n ,  b u t a l s o  p ro v id e s  
a means o f  s e p a r a t in g  th e  fo u r  n u c le o t id e s  I n to  f o u r  d i s ­
c r e t e  s p o ts  ( F i g .1 3 ) .
D av id so n , F r a z e r  and  H u tc h iso n  (1951) b e s id e s  n o t in g  
th e  p re s e n c e  i n  the AgS f r a c t i o n  o f in o rg a n ic  p h o sp h a te  
s u g g e s te d  t h a t  th e re  m ig h t be p r e s e n t  o th e r  o rg a n ic  p h o s­
p h a te s  in  a d d i t i o n  to  th e  r i b o n u c l e o t i d e s .  T h is  was 
b a sed  on  th e  o b s e r v a t io n  t h a t  o n ly  ab o u t 85$ o f  th e  p h o s­
p h o ru s o f th e  f r a c t i o n  c o u ld  be a c c o u n te d  f o r  on th e  b a s i s  
o f  p e n to s e  d e te r m in a t io n s ,  and  w h ile  th e  in o r g a n ic  p h o s­
p h a te  a d m it te d ly  a c c o u n te d  f o r  some o f  th e  re m a in d e r , a  
la r g e  p r o p o r t io n  of t h i s  e x t r a  p h o sp h o ru s was n e i t h e r  n u c le o  
t i d e  n o r  in o rg a n ic  p h o s p h a te . A p p l ic a t io n  o f th e  io n o -
p h o r e t ic  procedure has confirm ed th a t  a la r g e  p r o p o r tio n  
o f  the AgS P i s  not n u c le o t id e  in  o r ig in ,  and th a t  n u c le o ­
t id e  phosphorus in  f a c t  acco u n ts f o r  o n ly  about 75$ o f  the 
t o t a l  (Table 1 2 ) .  I t  i s  th e r e fo r e  n ot s a t i s f a c t o r y  to  
e s t im a te  th e  RNA c o n te n t o f  a t i s s u e  by a p p lic a t io n  o f  th e  
Schm idt and Thannhauser (1945) procedure a lone s in c e  such  
a n a ly se s  w i l l  y i e ld  r e s u l t s  th a t  are h ig h  by some 3 3 $ .
S hort io n o p h o r e tic  runs ( P ig .14) in d ic a te d  where
some o f  th e  a d d it io n a l  phosphorus was to be fou n d , b u t i t
was n o t u n t i l  au torad iograp h s of papers on which th e  AgS
•*2
f r a c t io n  from  th e  l i v e r s  o f  r a ts  which had r e c e iv e d  P 
b e fo r e  k i l l i n g ,  were prepared th a t  ex a ct lo c a t io n  o f a l l  th e  
rem ain ing phosphorus was p o s s ib le .  I t  i s  c le a r  from  
P ig s*  15 and 16 th a t  a t  l e a s t  f i v e  phosphorus c o n ta in in g  
components are p resen t in  th e  A^S f r a c t io n  over and above  
th e  in o r g a n ic  phosphate w hich c o in c id e s  w ith  the most r a p id ­
ly  moving con com itan t. I t  w i l l  be n o t ic e d  on the a u to ­
rad iograp hs (P ig . 16) th a t  fo g g in g  o f  th e  p h otograp h ic  
em u lsion  i s  m ost in te n se  in  th e  r e g io n  o f  th e s e  a d d it io n a l  
com ponents, and s in c e  betw een  them they com prise on ly  about 
25$ o f  the t o t a l  phosphorus o f th e  f r a c t io n ,  i t  i s  to  be 
ex p ected  th a t  th ey  w i l l  e x h ib i t  a h ig h  a c t i v i t y .
That t h i s  i s  the ca se  w i l l  be seen  from th e r e s u l t s  
in  Table 13 where th e  s p e c i f i c  a c t i v i t i e s  o f a l l  the  
sep a ra te  components o f  the A^S f r a c t io n  a re  i l l u s t r a t e d .
98 .
Prom the f i g u r e s , i t  i s  apparent th a t th e  most a c t iv e  com­
ponent i s  mBh which seems to  correspond to  th e  uphospho- 
p r o te in ” or Pg phosphorus o f  D avidson , P razer  and H utch ison
(1 9 5 1 ) . Owing to  th e  p resen ce  o f  th e se  a d d it io n a l  p h o s­
phorus c o n ta in in g  su b sta n ces  in  the f r a c t io n  AQS , th e  
a c t i v i t i e s  o f th e  n u c le o t id e s  th em selves bear no r e l a t io n ­
sh ip  w h atsoever to  th e  a c t i v i t y  o f  th e  whole f r a c t i o n ,  and 
i t  i s  th e r e fo r e  q u ite  u n j u s t i f ia b le  to  assume th a t  th e  
s p e c i f i c  a c t i v i t y  o f th e  r ib o n u c le o t id e  f r a c t io n  o b ta in ed  
by th e  procedure o f  Schmidt and Thannhauser r e p r e se n ts  the  
.true a c t i v i t y  .o f th e  RNAP i t s e l f .
Of th e  n u c le o t id e s ,  g u a n y lic  a c id  in v a r ia b ly  e x h ib i t s  
th e  lo w e st  a c t i v i t y ,  w h ile  u r id y l i c  a c id  i s  u s u a lly  h igh er  
than  any o f  the o th e r s . The p rox im ity  o f th e  u r id y l i c  a c id  
t o  th e  con com itan ts lfA11, UBU, !ICW and aroused  s u s p ic io n  
as to  whether t h i s  h ig h  va lue was in  f a c t  c o r r e c t ,  or was 
due to  con tam in ation  w ith  an u n d etec ted  phosphorus c o n ta in in g  
compound o f  h ig h  s p e c i f i c  a c t i v i t y .  That th e  l a t t e r  was 
th e  c a se  i s  obvious from the com parison of the s p e c i f i c  
a c t i v i t i e s  o f  th e  n u c le o t id e s  from an i s o l a t e d  RNA and an 
AgS prepared from the same m a te r ia l  (Table 1 4 ) ,  and from  
th e  r e s u l t s  i l l u s t r a t e d  in  Table 19 where the area  around 
th e  u r id y l ic  a c id  was cu t in to  th r e e  p o r tio n s  each  b e in g  
a ssa y ed  s e p a r a te ly  f o r  phosphorus and r a d io a c t iv i t y .
An in v e s t ig a t io n  o f th e se  a d d it io n a l  components
proved th a t  th ey  do n o t o r ig in a te  e ith e r  in  th e  a c id -  
s o lu b le  or in  th e  l i p i d  phosphate compounds o f  th e  t i s s u e .  
U n fo rtu n a te ly  the method o f  io n o p h o r e s is  does not len d  
i t s e l f  to  p r e p a r a tio n  o f  th e s e  su b sta n ces  in  q u a n t ity ,  
and no attem p t has th e r e fo r e  been made so  f a r  to  i d e n t i f y  
them . The r e c e n t  papers o f  M itc h e ll  and Moyle (1 9 5 1 a ,b ) ,  
who d e te c te d  th e  p resen ce  o f  a glycero-phospho-com pound  
in  th e  r ib o n u c le o t id e  f r a c t io n  o f  c e r ta in  m icro -o rg a n ism s, 
su g g e s te d  th a t  som ething s im ila r  m ight be found  in  the  
r ib o n u c le o t id e  f r a c t io n  o f  anim al t i s s u e s .  In  exp erim en ts  
in  which a m ixture o f o (-g ly cero -p h o sp h a te  and u r id y l ic  a c id  
was a p p lie d  to  f i l t e r  paper and run i n  the normal f a s h io n ,  
th e  two components were n o t  r e s o lv e d . This o b ser v a tio n  
does n ot prove th e  p resen ce  o f g ly ce ro -p h o sp h a te  in  th e  
AgS f r a c t io n ,  but in d ic a te s  n e v e r th e le s s  th a t  i t  i s  a  
p o s s ib le  con tam in an t. I t  i s  more d i f f i c u l t  to  tr a c e  the  
o r ig in  o f such  su b sta n ces  in  anim al t i s s u e  than  in  th e  
exp erim en ts o f M itc h e ll  and Moyle (1 9 5 1 b ), b u t th e  p resen ce  
o f  th e se  components in  each o f th e  cy to p la sm ic  f r a c t io n s  
w eighs a g a in s t  l o c a l i s a t i o n  in  any p a r t ic u la r  c y t o lo g ic a l  
u n i t .
Of the co n co m ita n ts , nEM proved the m ost o b s t in a te  
to  e lim in a te  and s in c e  i t  a f f e c t e d  b o th  the a c t i v i t y  add 
phosphorus d e term in a tio n s o f  u r id y l ic  a c id  (T ables 1 0 , 14 ,
1 8 , 19 and 2 1 ) ,  i t  was n e c e ssa r y  to  adopt th e  fu r th e r  m odi­
f i c a t i o n  o f  the Schm idt and Thannhauser (1945) procedure  
shown in  P i g .7 , which amounted to  a p a r t ia l  i s o l a t i o n  o f  
the RNA.
The r e s u l t s  o b ta in ed  u s in g  th is  p roced u re, and a ls o  
from i s o la t e d  specim ens o f  RNA (T ables 2 1 , 2 2 ) ,  d isp r o v e  
th e  e a r l i e r  c o n je c tu r e  th a t  u r id y l ic  a c id  e x h ib i t s  a 
m arkedly h ig h e r  a c t i v i t y  than the o th er  n u c le o t id e s .  The 
h ig h e s t  a c t i v i t y  i s  in v a r ia b ly  a s s o c ia t e d  w ith  a d e n y lic  a c id ,  
and th e  lo v /e s t  w ith  g u a n y lic  a c id  as was observed  by V olk in  
and C arter (1951b) f o r  s e v e r a l  t i s s u e s .  This l a t t e r  f in d ­
in g  i s  perhaps o f some s ig n if ic a n c e  in  v iew  o f the con­
c lu s io n s  regard in g  the s tr u c tu r e  o f RNA reached by M agasanik 
and C hargaff (1951) who found th a t  th e  a c t io n  o f  r ib o n u c le a se  
on RNA l e f t  an u n d ig e sted  r e s id u e  e x c e e d in g ly  r ic h  in  
g u a n y lic  a c id .  They su g g es ted  th a t  the main s k e le to n  o f  
th e  RNA co n ta in ed  a h ig h  p ro p o r tio n  of g u a n y lic  a c id . I f  
t h i s  were s o ,  i t  seem s n o t im p o ss ib le  th a t  th e  “backbone11 
o f  the m olecu le  may be com p ara tive ly  in e r t  b i o l o g i c a l l y ,  the  
s id e  c h a in s  p ro v id in g  the fu n c t io n a l  p o r tio n -  The g u a n y lic  
a c id  o b ta in ed  on com plete h y d r o ly s is  o f th e  m olecu le  would  
be d i lu t e d  w ith  g u a n y lic  a c id  from  t h i s  in e r t  core and would  
th e r e fo r e  e x h ib it  a low er a c t i v i t y  than m ight be ex p e c ted .
On th e  o th e r  hand, the p ro p o r tio n  o f  a d e n y lic  a c id  in  t h i s
u nhydrolysed  core is  a l s o  h ig h  (Magasanik and C h argaff, 
1951) and on the same analogy  th e  a c t i v i t y  o f  th e  t o t a l  
a d e n y lic  a c id  sh ou ld  l ik e w is e  he low er than th a t  o f  th e  
p yrim id in e  n u c le o t id e s ,  which are l ib e r a t e d  a lm ost in  
t h e ir  e n t ir e t y  by the enzymic d ig e s t io n .  The p o s s i b i l i t y  
o f  h e tero g en eo u s la b e l l in g  o f  the n u c le o t id e s  from RNA 
has a lrea d y  been m entioned in  c o n n ec tio n  w ith  th e  d i s ­
c r e p a n c ie s  betw een th e  s p e c i f i c  a c t i v i t i e s  o f  th e  n u c le o ­
t id e s  o b ta in ed  from i s o la t e d  RNA, f r a c t io n  AgS and f r a c t io n  
A3S (Table 2 1 ) .
I t  has been observed  th a t  th e  s p e c i f i c  a c t i v i t y  o f  
th e  whole i s o la t e d  RNA i s  o f t e n  c o n s id e r a b ly  in  e x c e s s  o f  
th e  s p e c i f i c  a c t i v i t i e s  o f th e  n u c le o t id e s  o b ta in ed  from  
i t  by io n o p h o r es is  (T ables 1 4 ,1 9 ) .  This f a c to r  in  con ­
ju n c t io n  w ith  th e  o b se r v a tio n  th a t o n ly  about 93?£ o f  th e  
RNAP was recovered  in  the form o f n u c le o t id e  phosphorus 
(T able 9) su g g e s te d  th a t  even  the i s o la t e d  RNA m ight be 
contam inated  w ith  some h ig h ly  a c t iv e  p h osp h ate . E vidence  
f o r  th e  p resen ce  o f  su ch  a su b stan ce  has been found  on
au torad iograp h s prepared from sh o r t io n o p h o r etic  runs o f
32th e  i s o la t e d  RNA from an anim al which had r e c e iv e d  P.
The e x tr a  sp o t appeared in  a p o s i t io n  corresp on d in g  to  com­
ponent »CU o f  th e  AgS f r a c t io n ,  and was p r e se n t on sh o r t  
Io n o p h o re tic  runs o f  h y d r o ly sa te s  o f  i s o l a t e d  RNA and a ls o
102.
o f th e  A S  f r a c t io n  (procedure 3 ) .  o
The p resen ce  o f  t h i s  h i th e r t o  u n su sp ected  component 
in  sam ples o f  i s o la t e d  RNA makes i t  e s s e n t i a l  t o  se p a r a te  
th e  in d iv id u a l  n u c le o t id e s  in  is o to p e  s tu d ie s  on th e  up­
tak e  o f  r a d io a c t iv e  phosphorus by anim al t i s s u e s ,  r a th e r  
than  to  determ ine the s p e c i f i c  a c t i v i t y  o f  the i s o l a t e d  
RNA.
4 .4  The Use o f  Procedure 5 .
In  view  o f  the e x te n t  o f  th e  co n ta m in a tio n  o f  the 
f r a c t io n  A2S by phosphorus c o n ta in in g  su b s ta n c e s , and the  
tedium  o f  c a rr y in g  out th e  com plete I s o la t io n  procedure  
f o r  RNA, th e  p a r t ia l  I s o la t io n  (procedure 3 ) o f  th e  RNA 
became n e c e ss a r y . This tech n iq u e  s u f f e r s  from one major 
d isa d v a n ta g e  in  th a t  on ly  about 70% o f  the RNA in  any  
g iv en  m a te r ia l  i s  o b ta in ed . While t h is  i s  o f no c o n se ­
q u en ce, from  th e  p o in t  o f v iew  o f su bsequent a n a ly s i s ,  
i f  a l l  th e  s t a r t in g  m a te r ia l  i s  homogeneous i t  means th a t  
no f ig u r e  f o r  the RNA c o n te n t o f a sample o f  t i s s u e  can be 
o b ta in e d . Furtherm ore I f  the s t a r t in g  m a te r ia l  i s  n o t  
rea so n a b ly  homogeneous th e r e  i s  a danger o f  p r e f e r e n t ia l ly  
e x tr a c t in g  one o f th e  com ponents, a fe a tu r e  which c o u ld  be  
m is le a d in g .
I n  th e  c a se  o f  r a t  l i v e r ,  f o r  i n s t a n c e ,  th e  t i s s u e  
RNA i s  composed o f  RMA fro m  th e  th ree  c y to p la s m ic  f r a c t io n s  
and th e  n u c le u s -  I f  th e  c o m p o s it io n  o f  any  o f  th e s e  con ­
s t i t u e n t s  d i f f e r e d  m ark ed ly  from, th e  o t h e r s ,  i t  w ou ld  n o t
be v a l id  to  determ ine th e  co m p o sitio n  o f  the s a l in e  e x ­
tr a c te d  m a te r ia l s in c e  t h is  m ight n ot be r e p r e s e n ta t iv e  
o f a l l  com ponents. In  our e x p e r ie n c e , the co m p o sitio n  
o f th e  RNA from  th e  d i f f e r e n t  cy to p la sm ic  f r a c t io n s  i s  
s im ila r  (Table 20) and t h is  i s  in  accord  w ith  th e  f in d in g s  
o f  E lso n  and C hargaff (1951) a lth ou gh  th e  v a lu e s  o b ta in ed  
by th e se  au th ors do n ot agree  c lo s e ly  w ith  our own. Con­
se q u e n tly  we have co n sid er ed  i t  v a l id  to  a n a ly se  th e  A^S 
f r a c t io n  o f anim al t i s s u e s  and to  c o n s id e r  th e se  r e s u l t s  
r e p r e s e n ta t iv e  o f the whole RNA. This procedure i s  a t  
l e a s t  as s a t i s f a c t o r y  a s th e  a n a ly s is  o f  i s o la t e d  sam ples 
o f  RNA s in c e  the i n i t i a l  s ta g e s  are s im i la r ,  and the sub­
sequ en t procedures much l e s s  v ig o r o u s .
S p e c i f ic  a c t i v i t y  d e term in a tio n s on th e  n u c le o t id e s  
o b ta in ed  from  an A3S f r a c t io n  are  open to  s im ila r  c r i t i c i s m s .  
In  common w ith  o th er  workers we have found a non-uniform  
uptake o f  in to  th e  RNA o f th e  th ree  cy to p la sm ic  
f r a c t io n s  a t  sh o r t in t e r v a ls  a f t e r  in j e c t io n  (T ables 1 7 ,1 8 ,
19 and 2 2 ) .  C onsequently  i t  I s  n o t v a l id  to  determ in e th e  
s p e c i f i c  a c t i v i t y  o f  th e  n u c le o t id e s  o b ta in ed  by io n o -  
p h o r e s is  o f the A^S f r a c t io n  o f whole t i s s u e  and t o  co n ­
s id e r  them r e p r e s e n ta t iv e  o f  the w hole RNA. The same ob­
j e c t io n  of course a p p lie s  to  sam ples o f  RNA i s o la t e d  from  
h eterogen eou s m a te r ia l.
I t  would seem th e r e fo r e  th a t  on ly  so lo n g  as the
p rop erty  b e in g  s tu d ie d  can be dem onstrated  t o  be homo­
gen eo u sly  d is t r ib u t e d  throughout th e  s t a r t in g  m a te r ia l  i s  
i t  j u s t i f i a b l e  to  apply procedure 3 to  i t s  study*
4*5 C ytop lasm ic F r a c t io n a t io n  P ro ced u res*
I t  w i l l  be se en  from Table 15 th a t  the d i s t r ib u t io n  
o f  RNA through out the th ree  cy to p la sm ic  f r a c t io n s  o b ta in ed  
by C laud e's (1946) procedure i s  comparable w ith  th a t  found  
by o th e r  authors by s e v e r a l  methods (Table 2 ) .  At th e  
same tim e , th e  RNA c o n te n t o f  th e  n u c lea r  f r a c t io n  (T able 15)  
i s  very  h ig h , in d ic a t in g  con tam in ation  o f the n u c le a r  
sed im ent w ith  whole c e l l s ,  m itoch on d ria  or b o th . There i s ,  
m oreover, in  the m ito ch o n d r ia l f r a c t io n  a m easurable  
q u a n tity  o f  DNA which a lth o u g h  sm a ll n e v e r th e le s s  p ro v id es  
d e f i n i t e  e v id en ce  th a t  some of the n u c le i  have b een  d e str o y e d  
in  th e  cou rse  o f  h om ogen isa tion . The e x te n t  o f  co n ta m in a tio n  
o f  th e  m ito ch o n d r ia l RNA w ith  RNA from th e  n u cleu s may be 
e s t im a te d  on th e  assum ption  th a t the r a t io  o f  RHMDN& in  
th e  n u cleu s i s  about 1 :3 , and on t h i s  b a s i s  con tam in ation  
i s  v ery  s l i g h t .  S e v e r a l v a r ie t i e s  o f  hom ogeniser and o f  
h om ogen isa tion  tech n iq u es have been  u sed  i n  an a ttem p t to  
o b ta in  maximum rupture o f  whole c e l l s  w ith  minimum d e­
s t r u c t io n  o f n u c le i ,  b u t i t  has proved q u ite  im p o ss ib le  t o  
produce a homogen a te  c o n ta in in g  s im u lta n e o u s ly  no whole  
c e l l s  and no broken n u c le i -  The r e s u l t s  o b ta in ed  by 
s e v e r a l  au th ors (Table 2 ) in d ic a t e  th a t th e y  have a c h iev e d
more s a t i s f a c t o r y  c o n d it io n s  of h om ogen isa tion  than  o u r s ,  
s in c e  none o f  them f in d  any DNA i n  th e  cy to p la sm ic  f r a c t i o n s ,  
and a t  the same tim e th e r e  I s  l i t t l e  ev id en ce  o f contam ina­
t io n  o f  th e  n u c le a r  f r a c t io n  w ith  RNA from cy to p la sm ic  
so u r c e s . H om ogenisation  w ith in  such narrow l im i t s  must 
Indeed be a d i f f i c u l t  ta s k .
E le c tr o n  m icrographs o f  th e  m ito ch o n d r ia l and m icro -  
some f r a c t io n s  ob ta in ed  from s a l in e  hom ogenates (P ig s .1 8 a ,b )  
o f  r a t  l i v e r  make i t  c le a r  th a t  the m itoch on d ria  se p a r a ted  
from  su ch  hom ogenates are g r o s s ly  a g g lu t in a te d  and con ­
tam inated w ith  m icrosom es. S im ila r ly ,  the microsome 
f r a c t io n  i s  a g g lu t in a te d  and l i a b l e  to  sed im ent a lo n g  w ith  
the m itoch on d ria .
C orresponding e le c t r o n  m icrographs o f  m itoch on d ria  
and m icrosom es prepared from 0 .25M -sucrose hom ogenates o f  
r a t  l i v e r  (P ig s .1 9 a ,b )  show th a t  th e r e  I s  much l e s s  e v i ­
dence o f  a g g lu t in a t io n , and no obvious con tam in ation  o f  one 
f r a c t io n  w ith  th e  o th e r . C le a r ly , th e  su cr o se  procedure  
i s  d e s ir a b le  f o r  any s t u d ie s  i n  which i t  i s  n e c e ssa r y  to  
compare th e  p r o p e r tie s  o f one o f th e  cy to p la sm ic  f r a c t io n s  
w ith  a n o th er .
4*6 The In co r p o r a tio n  o f  I so to p e s  in to  the RNA o f th e  
C ytoplasm ic C o n s t itu e n ts .
In  view  o f  our f in d in g s  co n cern in g  th e  co n ta m in a tio n  
o f  th e  Schmidt and Thannhauser (1945) r ib o n u c le o t id e
f r a c t io n  w ith  n o n -n u c le o tid e  p h o sp h a tes , th e  r e s u l t s  e x ­
p ressed  in  T able 16 f o r  th e  s p e c i f i c  a c t i v i t i e s  o f  th e  
A^S f r a c t io n s  from the th r ee  c y to p la sm ic  c o n s t i t u e n t s  are  
o f  no a b so lu te  v a lu e . I t  i s  in d eed  q u e s t io n a b le  w hether  
th ey  have even a r e la t iv e  w orth. We have th e r e fo r e  a p p lie d  
th e  tec h n iq u e  o f io n o p h o r es is  to  the se p a r a tio n  o f the  
n u c le o t id e s  from  the r ib o n u c le o t id e  (A2S) f r a c t io n  o b ta in ed  
from  th e  c y to p la sm ic  c o n s t i t u e n t s  by a p p l ic a t io n  o f  the  
m o d ified  Schmidt and Thannhauser (1945) proced u re.
The r e s u l t s  o b ta in ed  (T ables 1 7 ,1 8  and 19) make I t  
c e r ta in  th a t  th e  n u c le o t id e s  from the RNA o f  each  o f  th e  
cy to p la sm ic  c o n s t i tu e n t s  are found in  a s s o c ia t io n  w ith  the  
p r e v io u s ly  m entioned co n co m ita n ts , and th a t  th e  s p e c i f i c  
a c t i v i t y  of th e  whole AgS f r a c t io n  i s  no measure o f the  
s p e c i f i c  a c t i v i t y  o f  the c o n s t i tu e n t  n u c le o t id e s .  Even in  
th e  ca se  o f  th e  i s o la t e d  RNA (T able 1 8 ) ,  th e  s p e c i f i c  
a c t i v i t i e s  o f  th e  whole m a te r ia ls  are c o n s id e r a b ly  in  e x ­
c e s s  o f  th a t  o f  any of the c o n s t i tu e n t  n u c le o t id e s  e x c e p t  
in  the c a se  o f th e  microsome f r a c t io n .  I t  appears th e r e ­
fo r e  th a t  even the procedure o f i s o l a t in g  the RNA from  a 
sample o f  t i s s u e  p ro v id es no guarantee o f  i t s  p u r ity ,  and 
th a t  i t  i s  n e c essa ry  to  sep a ra te  the RNA o f  the t i s s u e  in to  
i t s  c o n s t i tu e n t  r ib o n u c le o t id e s .
The d i f f i c u l t y  o f  removing a l l  th e se  con tam in atin g  
su b sta n ces  from  the n u c le o t id e s  i s  i l l u s t r a t e d  in  T ab les 1 8 ,
and 19  from w hich i t  w i l l  be se en  th a t  io n o p h o r e s is  c e r ­
t a in ly  p ro v id es adequate p u r i f ic a t io n  o f a d e n y l ic ,  g u a n y lic  
and c y t id y l i c  a c id s ,  but th a t  th e  u r id y l ic  a c id  i s  n o t  
c o m p le te ly  f r e e  from n o n -n u c le o tid e  p h o sp h a tes . This d i s ­
crepancy has been overcome by the use o f  procedure 3 
(Table 21) w hich shows s im ila r  a c t i v i t i e s  o f  a l l  fo u r  
n u c le o t id e s  d er iv ed  from  th e  same m a te r ia l by procedure 3 
and by i s o l a t i o n  o f  the RNA fo llo w e d  by io n o p h o r e s is .
The su b stan ce  r e sp o n s ib le  fo r  the con tam in ation  o f  th e  
u r id y l ic  a c id  o b ta in ed  by io n o p h o r es is  o f  th e  AgS f r a c t io n  
has c le a r ly  been e lim in a te d  by th e  u se  o f  t h i s  p a r t ia l  
i s o l a t i o n  p ro ced u re .
E xam ination o f  the s p e c i f i c  a c t i v i t i e s  o f the n u c le o ­
t id e s  o b ta in ed  by io n o p h o r es is  o f  the f r a c t io n  AgS from  
each o f th e  cy top lasm ic  c o n s t i tu e n t s  in d ic a te s  t h a t  w ith  
the e x c e p t io n  o f  u r id y l ic  a c id  (which we know to  be con ­
tam inated ) a d e n y lic  a c id  e x h ib it s  the h ig h e s t  a c t i v i t y  
w h ile  g u a n y lic  a c id  has th e  lo w e s t .  When the tru e  v a lu e  
f o r  u r id y l i c  a c id  (Table 22) i s  taken  in to  a c co u n t, t h i s  
f in d in g  s t i l l  h o ld s ,  and i s  in  agreem ent w ith  our f in d in g s  
f o r  whole t i s s u e  RNA and a ls o  w ith  th o se  o f  V o lk in  and 
C arter (1951b) f o r  s e v e r a l  t i s s u e s .
The c y to p la sm ic  f r a c t io n s  th e m se lv e s , w hether p r e ­
pared from  s a l in e  or su cr o se  hom ogenates, e x h ib it  th e  same
3 2p a tte r n . 2 h r . a f t e r  in j e c t io n  o f  P , th e  s p e c i f i c
a c t i v i t i e s  o f  the n u c le o t id e s  from th e  microsome f r a c t io n
are a lw ays lo w e s t ,  w h ile  th o se  from the su p ern atan t
f r a c t io n  are in v a r ia b ly  h ig h e s t  (T ables 1 7 ,1 8 ,1 9  and 2 2 ) .
J een er  (1949a) and J een er  and S za farz  (1950a) o b ta in ed  com-
32p arab le  r e s u l t s  fo r  exp erim en ts on the uptake o f  P in to
the RNA of th e  c y to p la sm ic  f r a c t io n s  o f  mouse embryo,
c h ic k  embryo and p igeon  crop g la n d . Jeen er  and S z a fa rz
(1950a) however found c o n s id e r a b le  d if fe r e n c e  betw een th ese
growing t i s s u e s  and r e s t in g  r a t  l i v e r  in  w hich th ey  found
32th e  h ig h e s t  s p e c i f i c  a c t i v i t y ,  2 h r . a f t e r  in j e c t io n  o f  P, 
in  th e  RNA from  the n on -sed im en tab le  m a te r ia l ,  th e  lo w e st  
a c t i v i t y  b e in g  n o t  in  the s m a lle s t  p a r t ic le s  but in  th e  
l a r g e s t .  The cy to p la sm ic  f r a c t io n a t io n  tech n iq u e  used  by 
th e s e  au th ors i s  very d i f f e r e n t  from any o f  the o th e r  methods 
d e sc r ib e d . I t  seems l i k e l y  th a t a l l  th e  m itoch on d ria  and 
a la r g e  p ro p o r tio n  o f what we know as m icrosom es are s e d i -  
mented i n  t h e ir  f i r s t  sed im en t, w h ile  the sm a ll p a r t i c l e s  
ob ta in ed  by them c o n s i s t  o f  the sm a lle r  m icrosom es and 
s t i l l  sm a ller  p a r t ic u la t e  m atter  n ot norm ally  sed im en ted  a t  
a l l .  Furtherm ore, a lth o u g h  th e se  au th ors take c o n s id e r a b le  
tr o u b le  to  r id  th e  r ib o n u c le o t id e  f r a c t io n  o f  any in o r g sn ic  
phosphate b e fo r e  d eterm in in g  r a d io a c t iv i t y ,  th ey  have not 
fou n d , nor a p p a ren tly  su sp e c te d , the p resen ce  o f con tam in at­
in g  organ ic  p h o sp h a tes. C on seq u en tly , th e  accu racy  o f  
t h e ir  r e s u l t s  i s  d o u b tfu l, s in c e  th ey  have n o t c h a r a c te r ­
i s e d  th e  c y to p la sm ic  f r a c t io n s  w hich they were a n a ly s in g ,  
and s in c e  th ere  i s  a lm ost c e r ta in ly  c o n s id e r a b le  contam ina­
t io n  o f  t h e ir  r ib o n u c le o t id e  f r a c t io n  w ith  o rg a n ic  ph os­
p h ates o f  h ig h  s p e c i f i c  a c t i v i t y .
Barnum and Huseby (1950) u s in g  more c o n v e n tio n a l
methods o f  cy to p la sm ic  f r a c t io n a t io n  c a r r ie d  out s im ila r
in v e s t ig a t io n s  a t  d i f f e r e n t  time in t e r v a ls  a f t e r  in j e c t in g
th e  r a d io a c t iv e  ph osp h ate . R eco g n isin g  the d i f f i c u l t i e s
o f co n ta m in a tio n  o f the r ib o n u c le o t id e  f r a c t io n s  ob ta in ed
from the c y to p la sm ic  c o n s t i t u e n t s , th ey  have i s o l a t e d  the
RNA in  each  c a s e . Once a g a in  th e  g r e a te s t  uptake o f
I so to p e  was found to  occur in  the su p ern atan t RNA, but in
t h i s  ca se  th e r e  was no s i g n i f i c a n t  d if fe r e n c e  betw een the 
3 2uptake o f  P in to  the m ito ch o n d r ia l and microsome f r a c t io n s .  
I t  must be em phasised however th a t the i s o l a t i o n  o f  th e  RNA 
i s  not s u f f i c i e n t  to  guarantee freedom  from  c o n ta m in a tio n , 
p a r t ic u la r ly  i n  the su p ern atan t f r a c t io n  (Table 1 8 ) .
Marshak and G alvet (1949) have s tu d ie d  th e  uptake
32o f  P in to  the RNA o f  th e  n u cleu s and o f two cy to p la sm ic  
p a r t ic u la t e  f r a c t io n s  o b ta in ed  by c e n tr ifu g a t io n  o f  th e  
c i t r i c  a c id  su p e rn a ta n t, a f t e r  th e  rem oval o f  n u c le i .  They 
found th a t  th e  uptake o f  32P in to  the RNA o f  the most 
r e a d ily  sed im en ta b le  p a r t i c l e s  was low er than th a t  in to  the
RM o f  the sm a lle r  p a r t i c l e s . The n atu re o f  th e  c y to ­
p lasm ic  p a r t i c l e s  o b ta in ed  by th e se  workers i s  h ig h ly  s u s ­
p e c t  s in c e  i t  i s  r e c o g n ise d  th a t  a c id  c o n d it io n s  such  as 
th ey  used  b r in g  about a g g r eg a tio n  o f  th e  cy to p la sm ic  co n ­
s t i t u e n t s .  As a r e s u l t ,  no r e l ia n c e  can be p la ced  on 
th e  d i f f e r e n t i a t io n  between the two ty p es  o f p a r t i c l e  
cla im ed  by Marshak and C a lv e t. M oreover, a p art from  
doubts as t o  the nature o f  the cy to p la sm ic  p a r t i c l e s ,  no 
attem p t was made t o  p u r ify  the r ib o n u c le o t id e  f r a c t io n  ob­
ta in e d  by th e  a p p l ic a t io n  o f the Schmidt and Thannhauser 
(1945) p roced u re, so  th a t  th e  r e s u l t s  o b ta in ed  have no
a b s o lu te  v a lu e  and are o f  l i t t l e  r e la t iv e  u s e .
15The in c o r p o r a tio n  o f  N in to  th e  p u rin es and 
p y r im id in es o f RBA from  the cy to p la sm ic  f r a c t io n s  o f  r e ­
g e n e r a tin g  r a t  l i v e r  has been s tu d ie d  by R eich ard  (1950) 
u s in g  e s s e n t i a l l y  th e  f r a c t io n a t io n  tech n iq u e  o f  Hogeboom 
e t  a l*  (1 9 4 8 ) . He found th a t  th e  is o to p e  co n ten t o f  any 
base from  each  o f th e  cy top lasm ic  f r a c t io n s  was th e  same, 
and reached  the very  c a u tio u s  c o n c lu s io n  th a t th e  ev id en ce  
d id  n ot p rec lu d e  th e  e x is t e n c e  o f  r ib o n u c le ic  a c id s  o f  
d i f f e r e n t  b i o l o g i c a l  a c t i v i t y  w ith in  the cy to p la sm , b u t  
th a t  more s e n s i t i v e  m ethods o f c e l l  f r a c t io n a t io n  would be 
n e c essa ry  to  i l l u s t r a t e  such d i f f e r e n c e s .
R e c e n t ly , H u lt in , S la u tte r b a c k  and W essel (1951) 
have p u b lish ed  a b r i e f  n o te  on the in  v iv o  in c o r p o r a tio n
15 32o f  N and P in to  the r ib o n u c le ic  a c id s  o f  c h ic k  l i v e r
15cy to p la sm ic  f r a c t io n s .  In  th e  N ex p er im en ts , i t  was 
ob served  th a t in  th ree  in t e r v a ls  up to  1 h r . a f t e r  in j e c t io n
o f  th e  i s o t o p e ,  uptake was g r e a t e s t  in  the RNA from th e  c e l l
f l u i d ,  and lo w e st in  the RNA from  the m ito ch o n d r ia . E x p er i-  
ments w ith  P , in  which an a ttem p t was made to  se p a r a te  the  
n u c le o t id e s  by io n  exchange chrom atography, prov id ed  but 
sk e tch y  r e s u l t s ,  the au th ors b e in g  unable to  measure th e  
uptake o f  P in to  the a d e n y lic  or u r id y l ic  a c id s . The 
g e n e r a l c o n c lu s io n  d e r iv e d  from th e se  experim en ts however 
was th a t  th e  uptake o f  is o to p e  in to  g u a n y lic  and c y t id y l i c  
a c id s  was s im i la r ,  and th a t the g r e a te s t  in c o r p o r a tio n  was 
in to  the RM from  the su p ern atan t f r a c t io n ,  the s m a lle s t  
in to  the RNA from the m itoch on d ria .
There i s  c le a r ly  some d if f e r e n c e  o f o p in io n  on t h i s  
m a tter , but in  view  o f  th e  rep ea ted  f in d in g s  o f  d i f f e r e n t
s p e c i f i c  a c t i v i t i e s  in  th e  r ib o n u c le ic  a c id s  from  th e  th r ee
c y to p la sm ic  f r a c t io n s  a t  sh o r t  in t e r v a ls  a f t e r  in j e c t io n  o f  
®^P, i t  seems th a t  the r ib o n u c le ic  a c id s  from th e se  f r a c t io n s  
are se p a r a te  e n t i t i e s ,  and n ot m a n ife s ta t io n s  o f  th e  same 
m a te r ia l in  d i f f e r e n t  s t a t e s  o f  a g g r e g a tio n . B efdre any 
more d e f i n i t e  c o n c lu s io n s  can be reach ed , i t  w i l l  be n e c e ss a r y  
to  c h a r a c te r is e  th e  cy to p la sm ic  f r a c t io n s  u se d , and t o  ob­
t a in  from them RNA f r e e  from r a d io a c t iv e  con tam in an ts.
4 .7  The V a r ia tio n  w ith  Time o f  th e  In co rp o ra tio n  o f
I s o to p e s  in to  the R ib o n u c le ic  A cid s o f  th e  C yto­
p lasm ic  F r a c t io n s .
J een er  and S za fa rz  (1950a) have su g g e s te d  th a t  the  
RNA of the c e l l  i s  s y n th e s is e d  w ith in  the n u c le u s , and 
su b seq u en tly  p a ssed  through th e  n u c lea r  membrane in to  the  
c y to p la sm ic  su p ern atan t whence i t  i s  g ra d u a lly  in corp orated *  
f i r s t l y  in to  the sm a ll p a r t i c l e s  and th en  in to  th e  la r g e  
p a r t i c l e s .  In  su p p ort o f t h i s  h y p o th e s is  th e y  quote the  
w e l l  e s ta b l i s h e d  ev id en ce  th a t  a t  sh o r t in t e r v a ls  a f t e r  
th e  in j e c t io n  o f  P th e  s p e c i f i c  a c t i v i t y  o f the n u c lea r  
RNA i s  much h igh er  than th a t o f  any o f  th e  cy to p la sm ic  
f r a c t io n s  (Marshak, 1948; Marshak & C a lv e t , 1949; Barnum 
& Huseby, 1950; Jeen er  & S z a fa r z , 1950a; D avidson ,
Mclndoe & S m e l l ie ,  1 9 5 1 ) . They a ls o  u se  as ev id en ce  th e ir  
f in d in g  th a t  the s p e c i f i c  a c t i v i t i e s  o f the r ib o n u c le ic  
a c id s  w ith in  the c y to p la sm  are h ig h e s t  in  th e  n o n -se d i-  
m entable m a te r ia l and lo w est in  the la r g e s t  cy to p la sm ic  
p a r t i c l e s .
In ord er  to  t e s t  t h i s  h y p o th e s is , i t  was d e c id ed  to  
c o n s tr u c t  a curve showing the v a r ia t io n s  w ith  tim e o f  th e  
s p e c i f i c  a c t i v i t i e s  o f the n u c le o t id e s  from th e RNA o f  th e  
th r ee  cy to p la sm ic  f r a c t i o n s .  S e v e r a l au th ors have c a r r ie d  
out such s t u d ie s ,  bu t in  a l l  c a se s  some e s s e n t i a l  a sp e c t
has been  n e g le c te d . Thus Marshak and C a lv e t (1949) u sed  
c y to p la sm ic  p a r t i c l e s  o f  dubious n a tu r e , and c a r r ie d  ou t  
r a d io a c t iv e  a ssa y s  on u n p u r if ie d  r ib o n u c le o t id e  f r a c t i o n s . 
The work o f  Barnum and Huseby (1950) i s  much more r e l i a b l e ,  
but s t i l l  le a v e s  some doubt s in c e  th e r e  i s  no guarantee  
th a t  t h e ir  i s o la t e d  RNA i s  f r e e  from c o n ta m in a tio n . More­
over  a lth o u g h  th e  curve which th ey  have c o n str u c te d  con ­
ta in s  many determ ined p o in t s ,  the s tu d ie s  have n o t been  
c a r r ie d  f a r  enough to  e s t im a te  th e  peaks o f  the cu rves  
f o r  th e  c y to p la sm ic  r ib o n u c le ic  a c id s .
In  our s t u d ie s ,  we have attem p ted  to overcome th e  
shortcom in gs o f th e  p rev iou s w ork ers, in  th a t  our f r a c t io n s  
have been c h a r a c te r is e d  by e le c t r o n  m icroscop y , and p re­
c a u tio n s  have been  tak en  to  determ ine the true s p e c i f i c  
a c t i v i t i e s  o f  th e  n u c le o t id e s .  The tim e in t e r v a ls  have 
been chosen  to  g iv e  a f a i r l y  rap id  in d ic a t io n  of the  
p o s it io n s  o f  th e  peaks o f the c u r v e s , and th e  r e l a t io n  o f  
th e  s p e c i f i c  a c t i v i t i e s  to  th a t  o f  the b lood  in o rg a n ic  
phosphate a t  2 h r . should  e lim in a te  e r r o r s  due to  v a r ia t io n s  
in  dosage o f  i s o t o p e .
The r e s u l t s  i l l u s t r a t e d  in  F ig s .  2 1 , 22 and 23 show 
th a t  w ith in  each  o f the cy to p la sm ic  f r a c t io n s , th e  n u c le o ­
t id e s  behave i n  an a lm ost id e n t ic a l  f a s h io n . A t any 
p a r t ic u la r  tim e i n t e r v a l ,  th e re  are c e r t a in ly  d i f f e r e n c e s
betw een th e  n u c le o t id e s ,  and th e s e  are  c o n s is t e n t  a t  the  
e a r l i e r  tim e in t e r v a l s .  When th e se  are view ed i n  r e ­
l a t io n  to  the v a r ia t io n s  in  R e la t iv e  S p e c i f ic  A c t i v i t i e s  
w ith  t im e , th e y  f a l l  in to  a l e s s e r  p e r s p e c t iv e .  The 
im portant fe a tu r e  i s  th a t the s lo p e s  o f the curves f o r  
each  n u c le o t id e  in  each  f r a c t io n  fo l lo w  a lm ost e x a c t ly  th e  
same p a tte r n , and s in c e  the tu rn over  i s  r e la te d  to  t h i s  
s lo p e ,  i t  may be s a id  th a t  each  o f  the n u c le o t id e s  w ith in  
a f r a c t io n  i s  tu rn in g  over a t  the same r a te .
In F i g .24 th e  v a r ia t io n  w ith  tim e o f  th e  R e la t iv e  
S p e c i f ic  A c t i v i t i e s  o f  th e  c y t id y l i c  a c id s  from  each  o f  
th e  cy to p la sm ic  f r a c t io n s  i s  p lo t t e d  on th e  same graph. 
S in ce  the fo u r  n u c le o t id e s  in  each f r a c t io n  behave in  the  
same fa s h io n ,  i t  i s  p e r m is s ib le  to  take one o f  th e se  and 
to  use i t  fo r  com parison betw een the f r a c t io n s .  From 
F i g .2 4 , i t  i s  c le a r  th a t  the RNA o f  each  o f th e  c y to p la sm ic  
f r a c t io n s  behaves in  e x a c t ly  th e  same way in  r e s p e c t  o f  the
'Z O
uptake o f  P , th e  in d iv id u a l  curves b e in g  so  c lo s e  as to
be v i r t u a l l y  superim posed on one a n o th er .
This ev id en ce  i s  in  d ir e c t  c o n tr a d ic t io n  to  the
h y p o th e s is  o f  J een er  and S za farz  (1 9 5 0 a ), w hich would i n -
32v o lv e  a more rap id  uptake o f  P in to  th e  RNA o f  th e  su p er­
n a ta n t than in t o  the RNA of th e  m icrosom es, and a more
32rap id  in c o r p o r a tio n  o f  P in to  the RNA o f  the m icrosom es 
than  in to  th a t  o f  the m ito ch o n d ria . Jeen er  and S z a fa rz
(1 9 5 0 a ), a t  one tim e in t e r v a l ,  ob ta in ed  ev id en ce  o f su ch  
an o c cu rr en ce , but in  view  o f  our own f in d in g s ,  t h e ir  
h y p o th e s is  i s  u n te n a b le . Their c o n c lu s io n s  th e r e fo r e  
se rv e  t o  em phasise th e  danger o f making in te r p r e ta t io n s  
from ex p er im en ta l ev id en ce  which i s  n o t com p lete .
While our r e s u l t s  ru le  out the p o s s i b i l i t y  o f th e
RNA o f  the su p ern atan t f r a c t io n  g iv in g  r is e  to  th a t o f the
microsome f r a c t io n ,  which in  tu r n  g iv e s  r i s e  to  th a t  o f the
m itoch on d ria , th ey  do n o t d e tr a c t  from the h y p o th e s is  th a t
n u c le a r  RNA i s  a p recu rso r  o f th e  cy top lasm ic  RNA. Indeed ,
th e  r e s u l t s  o f  P o t te r , R ecknagel and H urlb ert (1951) who
14s tu d ie d  th e  uptake o f  . U a d m in istered  in  the form o f  
o r o t ic  a c id  len d s  fu r th e r  su pp ort to  t h i s  s u g g e s t io n .
These au th ors examined the in c o r p o r a t io n  o f  the -^C in to  
the n u c lea r  RNA, the RNA o f  the m itoch ondria  and th a t  o f  
th e  rem aining su p ern atan t o f  r a t  l i v e r .  They found th a t  
as w ith  the was in co rp o ra ted  most r a p id ly  in to  
th e  n u c le a r  RNA, the peak o f  th e  tim e curve occu rr in g  
about 4 h r . a f t e r  in j e c t io n  o f  th e  o r o t ic  a c id .  Uptake o f  
th e  is o to p e  by the r ib o n u c le ic  a c id s  o f the m ito ch o n d r ia l  
and su p ern atan t f r a c t io n s  was much s lo w e r , and occurred  a t  
about the same r a te  in  b o th  c a s e s .  M oreover, th e  peaks 
o f  th e s e  two curves f a l l  about 20 h r . a f t e r  in j e c t io n  
a lth o u g h  th e  e x a c t  p o s i t io n s  o f  th e  peaks are d i f f i c u l t  to
e s t im a te  s in c e  th e  n e x t p o in t  i s  a t  91 hr- These f in d in g s
32however resem ble our own w ith  P, and t h i s  i s  o f  par­
t i c u la r  in t e r e s t  s in c e  i t  su g g e s ts  th a t the n u c le o t id e  
m olecu le  i s  tu rn ed  over as a w h o le , and th a t  th e  phos­
phorus i s  n o t m eta b o lised  in d ep en d en tly  o f th e  r e s t  o f  
the m o lec u le .
The hom ogeneity o f th e  r ib o n u c le ic  a c id s  from th e  
th ree  cy to p la sm ic  f r a c t io n s  w ith  r e s p e c t  to  uptake o f  
i s o t o p e s ,  and co m p o sitio n , poses the q u e s tio n  o f t h e i r  
uneven d i s t r ib u t io n  throughout the cy top lasm ic  f r a c t io n s .
I t  i s  p o s s ib le  th a t t h i s  p ro v id es a key to  the problem o f  
fu n c t io n  or s y n t h e s is ,  s in c e  th e se  may be r e la te d  to  the  
d is t r ib u t io n ,  but i t  i s  c e r ta in  th a t  fu r th e r  and more i n ­
t e n s iv e  r e se a r c h  w i l l  be n e c essa ry  b efore  d e f in i t e  con­
c lu s io n s  as to  the s y n th e s is  and fu n c t io n  o f th e  r ib o ­
n u c le ic  a c id s  o f  th e  cytoplasm  can be a c h ie v e d .
Summary •
1 . A method fo r  th e  s e p a r a t io n  o f r ib o n u c le o t id e s  by 
io n o p h o r es is  on f i l t e r  paper i s  d e sc r ib e d .
2 . A procedure fo r  the p a r t ia l  i s o l a t i o n  o f  RNA from  
anim al t i s s u e s  i s  d e sc r ib e d .
3 .  The tech n iq u e  o f  io n o p h o r es is  has been a p p lie d  to
th e  a n a ly s is  o f  sam ples o f  i s o la t e d  and p a r t ia l l y  i s o la t e d  
r ib o n u c le ic  a c id  from v a r io u s  s o u r c e s .
4 .  I t  has a ls o  been a p p lie d  to  the a n a ly s is  o f  the
r ib o n u c le o t id e  f r a c t io n  ob ta in ed  from anim al t i s s u e s  by 
a m o d if ic a t io n  of the Schmidt and Thannhauser se p a r a tio n  
p rocedure.
5 . The techn iqu e o f io n o p h o r e s is  to g e th e r  w ith  th a t  o f
p a r t ia l  i s o l a t i o n  o f the RNA i s  p a r t ic u la r ly  u s e f u l  in  
experim ents w ith  r a d io a c t iv e  phosphorus, s in c e  i t  en a b le s  
th e  r ib o n u c le o t id e s  to  be i s o la t e d  fr e e  from con tam in ation  
by n o n -n u c le o tid e  r a d io a c t iv e  su b sta n c e s .
6 . By a com bination  o f  io n o p h o res is  and au torad iograp h y ,
i t  has been dem onstrated th a t  th e  r ib o n u c le o tid e  f r a c t io n  
ob ta in ed  by th e  Schmidt and Thannhauser procedure c o n ta in s ,  
in  a d d it io n  to  the r ib o n u c le o t id e s ,  sm all amounts o f  in ­
organ ic  phosphate o f  h igh  s p e c i f i c  a c t i v i t y  probably  
d er iv ed  from p h osp hop rotein , and a t  l e a s t  5 o th er  p r o te in  
bound phosphorus c o n ta in in g  su b sta n c es .
7• The p resen ce  of th e se  a d d it io n a l  components which
amount to  about 25$ o f  the r ib o n u c le o t id e  f r a c t io n ,  ren d ers  
e s t im a te s  o f the RNA c o n te n t  o f  anim al t i s s u e s  by the  
Schm idt and Thannhauser procedure h ig h  by about 30$ .
8 . In th e  ca ses o f  an im als which have r e c e iv e d
2 h r . b e fo re  k i l l i n g ,  the p resen ce  o f  th e se  a d d it io n a l  
components which have h ig h  s p e c i f i c  a c t i v i t i e s  makes i t  
im p o ss ib le  to  o b ta in  any e s t im a te  o f the s p e c i f i c  a c t i v i t y  
o f  the RNA by measurements on the r ib o n u c le o t id e  f r a c t io n  
i t s e l f *
9* S p e c i f ic  a c t i v i t y  d eterm in ation s on the n u c le o t id e s
sep a ra ted  by io n o p h o r es is  from the p a r t ia l l y  i s o la t e d  RNA 
and from i s o la t e d  RNA In d ic a te  th a t  a d e n y lic  a c id  e x h ib it s  
th e  h ig h e s t  v a lu e , w h ile  g u a n y lic  a c id  e x h ib i t s  the lo w e s t .
10 . The techn iqu e o f  io n o p h o r es is  has been a p p lie d  to  the  
a n a ly s is  o f  the r ib o n u c le ic  a c id s  from the cy top lasm ic  
f r a c t io n s .  I t  was found th a t the com p osition  o f  each was 
s im ila r .
11 . Ion op h oresis  o f the r ib o n u c le o t id e s  from  the th ree  
cy top lasm ic  f r a c t io n s  2 h r . a f t e r  in j e c t io n  o f showed 
th a t  a d e n y lic  a c id  in  each ca se  bad the h ig h e s t  s p e c i f i c  
a c t i v i t y  and gu a n y lic  a c id  the lo w e s t .
12 . Of the th ree  f r a c t io n s ,  the microsome fr a c t io n  in ­
v a r ia b ly  showed th e  lo w e st  uptake o f  32P in to  th e  r ib o ­
n u c le o t id e s  2 h r . a f t e r  in j e c t io n .
13 . I t  was found th a t  the uptake o f  r a d io a c t iv e  ph os­
phate in to  each o f  the r ib o n u c le o t id e s  o f  any o f  the  
f r a c t io n s  v a r ie d  w ith  tim e in  the same fa s h io n .
14 . U sing c y t i d y l i c  a c id  a s  r e p r e s e n ta t iv e , i t  was found  
th a t  the v a r ia t io n  w ith  tim e o f the s p e c i f i c  a c t i v i t i e s  o f  
the n u c le o t id e s  frcm each  o f  the f r a c t io n s  was th e  same.
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